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PREFACE. 



There is, probably, no subject connected with human 
physiology, which has engaged the attention of experi- 
mentalists and philosophic writers so much as the ner- 
vous system, especially within the last few years. The 
author has, from the first, looked upon this division of 
the work as the most important and the most difficult of 
all, and feels that this volume will be regarded with more 
critical interest than any one of the series ; and if he has 
succeeded, even in a measure, in giving, in it, a satisfac- 
tory representation of our present positive knowledge, no 
apology is necessary for the length of time occupied in 
its preparation. For two and a half years, he has been 
almost unremittingly engaged in writing this volume, and 
has endeavored to overcome, rather than avoid, the diffi- 
culties which have presented themselves in the investiga- 
tion of important questions, which are as yet regarded by 
many as unsettled. 

A great part of the inevitable delay which has attend- 
ed the publication of this part of the work has been due 
to the difficulty in this country of consulting rare and im- 
portant memoirs. When it is stated that every citation 
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4 PKEFAOE. 

has been made after a careftLl study of the origmal publi- 
cation, any one acquainted with the literature of the ner- 
vous system will appreciate the amount of labor involved 
simply in bibliographical research ; but in this depart- 
ment, more than in any other, it is necessary to avoid 
taking experiments and opinions at second-hand. The 
experience of many years, as an experimental physiolo- 
gist and a practical teacher, has enabled the author to 
verify many of the important facts stated in this volume, 
and has led to some original observations, which appear 
in the body of the work. 

The present volume treats of the physiological anatomy 
and the functions of the nervous system, as they appear 
to a practical physiologist, accustomed to accept nothing 
that is not capable of positive demonstration or well-sus- 
tained inference. Adhering conscientiously to the posi- 
tive method of study, the author has endeavored to pre- 
sent an account of the nervous system, which, though it 
will undoubtedly be extended by future investigations, is 
made up mainly of statements of fects that will probably 
not undergo serious modification, as we advance in our 
knowledge of the subject. He has considered the proper- 
ties and functions of the cercbro-spinal and sympathetic 
nervous systems, mainly ft'om this point of view ; and has 
touched but slightly upon psychology, which has long 
been considered a science by itself. The special senses 
have been deferred, to be taken up in the fifth and last 
volume of the series. 

The physiological anatomy of the nervous system is 
regarded by the author as an indispensable preparation 
for the study of its ftmctions. The most reliable recent 
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works upon histology contain, of course, much that is of 
no great physiological interest or importance, and the best 
anatomical treatises do not generally give a description 
of parts with particular reference to their physiology. To 
fitcilitate the thorough comprehension of the subject, the 
author has careftdly detailed certain anatomical points, a 
fiuniliarity with which is necessarily involved in an accu- 
rate study of nervous physiology. 

The publishers of this series, having lately issued 
Prof. Hammond's treatise on Nervous Diseases, are de- 
sirous of presenting a complete work on the " Physiology 
and Pathology of the Nervous System." Both Prof. Ham- 
mond and the author of this volume heartily concur in 
this plan. Though the full consideration of the physiology 
of the nervous system would perhaps be out of place in 
a treatise on nervous diseases, a thorough knowledge of 
its ftmctions is none the less important as a preparation 
for the intelligent study of its pathology. The present 
volume was written as one of the . series on the " Physi- 
ology of Man," but will nlso be issued as the first vol- 
ume of a complete work on the Physiology and Diseases 
of the Nervous System. It is proper to state that the 
two volumes thus published were written independently 
of each other, and that Prof. Hammond is in nowise re- 
sponsible for the author's views upon physiology, nor for 
any errors or defects that may be found in his part of the 
work. The reader, however, will find few points upon 
which there is any radical or important diflFerence of opin- 
ion ; but where these differences occur, they have been 
frankly stated, and each author is solely responsible for 
Ilia own opinions and statements. 
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6 PREFACE. 

Finally, the author presents this volume, with the 
simple statement that he has made an honest attempt 
to compass the great subject to which it is devoted, the 
magnitude and importance of which he never appreci- 
ated so fully as at the present moment. In the prepara- 
tion of this volume, it was expected to include in it the 
special senses, and chapters upon touch, smell, and sight, 
were written, so that at least one-fifth of the last volume 
of the original series is already completed. The fifth vol- 
ume is therefore so far. advanced, that it is hoped that the 
entire work will be finished within a year. The last part 
will be devoted to the Special Senses and Generation. 

New York, M^y, 1872. 
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The nervous system is anatomically distinct in all ani- 
mals, except those lowest in tlie scale of being. It is useless 
to speculate upon the question of the existence of matter en- 
dowed with properties analogous to those observed in the 
nervous system of the higher animals, in beings so low in 
their organization as to present no divisions into anatomical 
elements ; for the present condition of physiological science 
does not admit of the recognition of functions without organs. 
All animals that present any thing like nervous functions pre- 
sent also an anatomically distinct nervous system. Within 
certain limits, the perfection of the animal organization de- 
pends upon the general development of the nervous system. 

High in the animal scale, as in the warm-blooded ani- 
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mals, the general development of this system presents littlej 
if any, variation ; but special attributes are coexistent with 
the development of special organs. The development in 
this way of particular portions of the nervous system is in 
accordance with the particular conditions of existence of 
different animals ; it is a necessary part of their organiza- 
tion, and is not dependent upon education or intelligence. 
Examples of this are in the extraordinary development of 
the sense of sight, hearing, or smell, in different animals. 
There are animals in which these special senses possess a 
delicacy of perception to which man, even with the greatest 
amount of intelligent education, can never attain ; but man, 
possessing a nervous organization not superior to that of 
other warm-blooded animals in its general development, 
and inferior to many in the development of special organs, 
stands immeasurably above all other beings, by virtue of 
the immense preponderance of what is known as the en- 
cephalic portion of the nervous system. 

These brief general considerations will convey some idea 
of the physiological importance of the nervous system ; of 
the care which should be exercised in its study ; and of the 
great interest attached to it, from the fact that the most 
complex and important of its functions belong to human 
physiology, and to human physiology alone. 

We can best define what is to bo included under the 
head of the nervous system, by citing certain of its prominent 
and well-established properties and functions. 

1. The nervous system is anatomically and physiologi- 
cally distinct from all other systems and organs in the body. 
It receives impressions made upon the terminal branches of 
its sensory portion, it conveys stimulus to parts, determining 
and regulating the operation of their ftinctions; but its 
physiological properties are inherent, and it gives to no tis- 
sue or organ its special " irritability " or the power of per- 
forming its particular function.* 

* We have already discuBsed the independence of what is called ** nenrood 
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2. The nervous system connects into a coordinated, or- 
ganism every part of the body. It is the medium through 
which all impressions are received. It animates or regulates 
all movements, voluntary and involuntary. It regulates the 
fimctions of secretion, nutrition, calorification, and all the 
processes of organic life. 

In addition to its fimctions as a medium of conduction 
and communication, the nervous system, in certain of its 
parts, is capable of receiving impressions and of generating 
a stimulating influence, or force, peculiar to itself. As there 
can be no physiological connection or coordiij^ation of differ- 
ent parts of the organism, having an active function, without 
nerves, there can bo no unconscious reception of impressions 
giving rise to involuntary movements, no appreciation of 
impressions, general, as in ordinary sensation, or special, as 
in sight, smell, taste, or hearing, no instinct, volition, 
thought, or even knowledge of existence, without nerve- 
centres. 

Possessing, as it does, these varied properties and func- 
tions, it is evidently of the greatest physiological importance 
that the anatomical characters of the nervous system should 
be most carefully studied, with a view, if possible, of con- 
necting certain of the nervous properties with peculiarities 
in structure. It is also important to subdivide the system, 
as regards general properties and fimctions, as well as with 
reference to the special office of particular parts. With this 
end in view, we will point out, first, the great anatomico- 
physiological divisions common to nervous matter wherever 
it exists, and afterward, the subdivisions of the system as re- 
gards special functions. 

Dimsiane of the Nervous System. 

Nervous matter, whatever may be its special function, 
presents two great divisions, each witli distinct anatomical 

Irritability," in treating of the properties of the muscles. See vol iiL, Move- 
ments, p. 463. 
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as well as pliysiological differences. One of these divisions 
presents the form of fibres, or tubes. This kind of nervous 
matter is incapable of generating a force or stimulus, and 
serves only as a conductor. The other division is in the 
form of cells, and this kind of nervous matter alone is capa- 
ble of generating the so-called nervous force. 

The nervous matter is divided into two great systems, as 
follows : 

1. The cerebro-spinal system, composed of the brain and 
spinal cord with the nerves directly connected with these cen- 
tres. This system is specially connected with the functions 
of relation, or of animal life. The centres preside over gen- 
eral sensation, the special senses, voluntary and some invol- 
untary movements, intellection, and, in short, all of the func- 
tions that characterize the animal. The nerves serve as the 
conductors of impressions known as general or special sen- 
sations, and of the stimulus that gives rise to voluntary and 
certain involuntary movements, the latter being the auto- 
matic movements connected with animal life. 

2. The sympathetic, or organic system. This system is 
specially connected with the functions relating to nutrition, 
operations which have their analogue in the vegetable king- 
dom, and are sometimes called the ftmctions of vegetative 
life. Although this system presides over functions entirely 
distinct from those characteristic of and peculiar to animals, 
the centres of this system all have an anatomical and phys- 
iological connection with the cerebro-spinal nerves. 

The cerebro-spinal system is subdivided into centres pre- 
siding over movements and ordinary sensation, and centres 
capable of receiving impressions connected with the special 
senses, such as sight, audition, olfaction, and gustation. The 
nerves which receive these special impressions and convey 
them to the appropriate centres are more or less insensible 
to ordinary impressions. The organs to which these special 
nerves are distributed are generally of a complex and pecul- 
iar structure, and present nimierous accessory parts which 
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are important and essential in the transmission of the special 
impressions to the terminal branches of the nerves. 

In treating of the nervous system, we will consider first 
the physiological anatomy of the nervons tissue ; next, the 
general properties of the cerebro-spinal system ; next, the 
functions of different portions of this system connected with 
motion, ordinary sensibility, intellection, etc. ; next, the func- 
tions of the sympathetic, or organic system of nerves ; and 
finally, the special senses, with the physiological anatomy 
and mechanism of the accessory parts.* » 

Physiological Anatomy of the Nervous Tissue, 

The physiological anatomy of the nervous system natu- 
ally divides itself into two sections ; one embracing what is 
called the general anatomy of the nervous tissue, and the 
other, the arrangement of this tissue in special organs, as 
far as this is connected with their functions. 

The intimate structure of the difierent portions of the 
nervous system may now be regarded as tolerably well im- 
derstood, at least as far as those anatomical points bearing 
on physiology are concerned. The connection between the 
nerve-cells and the fibres and the modes of termination of the 
motor filaments in the muscles are points nearly, if not quite, 
settled ; and the terminations of sensory filaments in integu- 
ment and mucous membranes have lately been investigated 
very thoroughly, and with quite positive and satisfactory re- 
sults. These anatomical points are especially connected with 
the general properties of the nervous system, both as a gen- 
erator of the so-called nei've-force and as a conductor. 

The arrangement of the nervous elements in special or- 
gans, as in the brain and spinal cord, has not been so suc- 
cessfully investigated, and presents immense difficulties in 
its study ; and we can hardly hope to acquire any thing like 

' The special senses will be fully considered in the fifth and last volume of 
this series. 



Digitized by 



GoogI( 



18 NEEVOUS SYSTEM. 

a definite and thorough knowledge of the functions of these 
parts, until we have much more positive information con- 
cerning their anatomical characters. 

Anatomical Divisions of the Nervous Tissue. — The phys- 
iological division of the nervous system into nerves and 
nerve-centres is pretty well carried out as regards the ana- 
tomical structure of these parts. The two great divisions of 
the system, anatomically considered, are into nerve-cells and 
nerve-fibres. 

The nerve-cells, as far as we know, are the only parts 
capable, under any circumstances, of generating the nerve- 
force ; and, as a rule, they cannot receive impressions in any 
other way than through the nei-ve-fibres. There are, how- 
ever, some exceptions, either apparent or real, to this rule, 
as in the case of direct irritation of the ganglion of the tuber 
annulare, and the sympathetic ganglia, which seem sensible 
to direct irritation ; but the cells of most of the ganglia be- 
longing to the great cerebro-spinal axis are insensible to 
direct stimulation and will only receive impressions con- 
ducted to them by the nerves. 

The nerve-fibres act only as conductors, and are incapa- 
ble of generating nerve-force. There is no exception to this 
rule, but there are diflerences in the properties of certain 
fibres. The nerves generally, for example, wiU receive di- 
rect impressions, the motor filaments conducting these to 
the muscles and the sensory filaments conveying the im- 
pressions to the centres. These fibres will also conduct the 
force generated by the nerve-centres. But there are many 
fibres, such as those composing the white matter of the 
encephalon and the spinal cord, that are insensible to direct 
iiTitation, while they will convey to the centres impressions 
made by the sensitive nerves, and will conduct to the motor 
nerves stimulus generated by nerve-cells. 

Structure of the Nerves, — There are few anatomical ele- 
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ments that present greater variations in size and appearance 
than the nerve-fibres. Certain fibres found in the course of 
the nerves between the muscles are as large as yjzif ^^ ^^ 
inch, have dark borders, and possess three well-marked 
structures ; viz., a tubular membrane, medullary contents, 
and an axial band ; others, with the same structure, are only 
S5^oo ^^ *^ ^cli in diameter ; others have only the medul- 
lary covering and the axial band ; and others present the 
axial band alone. Most of these anatomical elements have 
essentially the same physiological conducting properties; 
the variations in their structure depending upon difterences^ 
in their anatomical relations. In view of these facts, it will 
be convenient to adopt some anatomical classification of the 
fibres. 

In the most simple classification of the nerve-fibres, they 
are divided into two groups; one embracing those fibres 
which have the conducting element alone, and the other 
presenting thig element surrounded by certain accessory 
structures. In the course of the nerves, the simple fibres are 
the exception, and the other variety is the rule ; but as the 
nerves are followed to their terminations in muscles or sensi- 
tive parts, or are traced to their origin in the nerve-centres, 
we find that they lose one or another of their adventitious 
elements. These two varieties we shall term : 1. The me- 
dullated fibres, and 2. The simple, or non-meduUated fibres. 

MeduUated Nerve-fibres, — These fibres are so called by 
French and German writers because, in addition to the axis- 
cylinder, or conducting element, they contain, enclosed in a 
tubular sheath, a soft substance called the medulla. This 
substance is strongly refractive and gives the nerves a pecu- 
liar appearance under the microscope, froni which they are 
sometimes called the dark-bordered nerve-fibres. As the 
whole substance of the fibre is enclosed in a tubular mem- 
brane, these are frequently spoken of as nerve-tubes. 

If the nerves be examined while perfectly fresh and un- 
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changed, their anatomical elements appear in the form of 
simple fibres with strongly accentuated borders. The diam- 
eter of these fibres is firom ^^ to ytW ^^ ^^ inch.* To 
observe the fibres in this way, it is necessary to take a nerve 
from an animal just killed and examine it without delay. 
In a very short time the borders become darker and the 
fibre assumes an entirely different appearance. By the use 
of certain reagents, it can be demonstrated that a meduUated 
nerve-fibre is composed of three distinct portions ; viz., a 
homogeneous sheath, a semi-fluid matter contained in the 
sheath, and a delicate central band. 

The tubular sheath of the nerve-fibres is a somewhat elas- 
tic, homogeneous membrane, never striated or fibrillated, 
and presenting generally oval nuclei, with their long diam- 
eter in the direction of the tube. This is sometimes called 
the neurilemma, a name, however, which is more generally 
applied to another membrane. It is sometimes spoken of, 
also, as the " limiting membrane of Valentin," or " the sheath 
of Schwann." In its chemical and general properties, this 
membrane resembles the sarcolemma, though it is less elas- 
tic and resisting. It exists in all the medullated nerve-fibres, 
large and small, except those in the white portions of the 
encephalon and spinal cord. It is not certain that it does not 
exist in the small, non-medullated fibres, though its presence 
here has never been satisfactorily demonstrated.* As we 
before remarked, the tubular membrane cannot be seen in 
the perfectly fresh nerves ; and even after they have become 
changed by desiccation, its demonstration requires the use of 
reagents. In the ordinary medullated fibres, however, it 
may be isolated by boiling the nerve in absolute alcohol and 
then in acetic acid, or by treating it with cold caustic soda. 
By then boiling the nerve for an instant in the caustic soda, 
fragments of the tube may be isolated, when they resemble 
the membrane forming the canals of the kidney. Another 

* LiTTRi ET RoBiN) Dicdonnatre de midecine^ Paris, 1865, Article, Nerveuz, 

• KOlliker, J^UmenU (Thtthloffie hwnainf, Paris, 1868, p. 815. 
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method is to treat the nerve with fuming nitric acid, after- 
ward adding a solution of caustic potash. The fatty sub- 
stance is thus discharged in small drops, the central band is 
dissolved, and the empty sheath is seen, swollen and tinged 
with yeUow. These are the processes employed by Kolliker, 
who demonstrates in this way the presence of nuclei.' 

The medullary substance fills the tube and surrounds the 
central band. This is called by various names ; as myeline, 
white substance of Schwann, medullary sheath, nervous me- 
dulla, etc. - It does not exist either at the origin of the nerves 
in the gray substance of the nerve-centres or at the periphe- 
ral termination of the nerves, and is probably not an essential 
conducting element. When the nerves are perfectly fresh, 
this substance is transparent, homogeneous, and strongly 
refracting, like oil ; but as the nerves become altered by des- 
iccation, the action of water, acetic acid, and various other 
reagents, it coagulates into an opaque, granular mass. The 
consistence of this substance gives to the medullated fibres a 
very peculiar appearance. The tubular membrane being 
very thin and not elastic, the white substance, by very slight 
pressure, is made to fill the tubes irregularly, giving them a 
varicose appearance, which is entirely characteristic. In ex- 
amining a preparation of the nervous tissue, large drops, 
coagulated in irregular shapes, are seen scattered over the 
field, and frequently fringing the divided ends of the tubes. 
In the white substance of the encephalon and spinal cord, 
where the tubular membrane is wanting, the varicose appear- 
ance of the fibres is more remarkable than in any other situ- 
ation. 

The axis-cylinder is, in all probability, the essential ana- 
tomical element of the nerves. It exists in all the nerves 
except in those termed gelatinous fibres, or fibres of Eemak, 
which will be described hereafter. In the ordinary medul- 
lated fibres, the axis-cylinder cannot be seen in the natural 
condition of the tissue, because it refracts in the same man- 

' EdLLiKSB, op, ciLf p. 818. 
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ner as the medullary substance, and it cannot be demon- 
strated afterward, on account of the opacity of the coagulated 
matter. K a fresh nerve, however, be treated with strong 
acetic acid, the divided ends of the fibres will retract, leaving 
the axis-cylinder, which is but slightly affected by reagents. 
It then presents itself in the form of a pale, slightly-flattened 
band, with outlines tolerably regular, though slightly vari- 
cose at intervals, somewhat granular, and sometimes very 
finely striated in a longitudinal direction. This band is 
elastic, but not very resisting. Its granules are .excessively 
pale. What serves to distinguish it from all other portions 
of the nerve-fibre is its insolubility in most of the reagents 
employed in anatomical investigation. It is slightly swollen 
by acetic acid, but is dissolved after prolonged boiling. K 
a solution of carmine be added to the nervous tissue, the 
axis-cylinder only is colored. It has been remarked that 
the nerve-fibres treated with nitrate of silver present in the 
axis-cylinder well-marked transverse striations. This was 
observed by Frommann,* and has since been confirmed by 
Grandry." The latter observer is disposed to regard both 
the nerve-cells and the axes of the fibres as composed of two 
substances, the limits of which are marked by the regular 
striae developed by the nitrate of silver. This, however, is 
a point of purely anatomical interest. The presence of regu- 
lar and well-marked striae in the axis-cylinder after the addi- 
tion of a solution of nitrate of silver and the action of light 
cannot be doubted ; but it has not yet been determined be- 
yond question whether these markings be entirely artificial, 
or whether the axis-cylinder be really composed of two kinds 
of substance. 

A still more important question with regard to the inti- 

* Fbovmanm, Ueber die Fdrhung der Binde- und JSfervensuhstanz des Rucken* 
marke$ durch ArgerUum nUricum und uber dU Strukiur der Nervemellen.-^ 
Archiv fur pathologieche Anaiomie itnd Phynologie, etc, Berlin, 1864, Bd. xxzL, 
S. 129, el teq. — Zur SUber/drbunff der Axencylinder, ibid., S. l^l^etseq 

• Grandrt, De la structure intime du cylindre de Vaxe et dee cdltUes nerveutee, 
— Journal de V anaiomie^ Paris, 1869, tome vl, p. 289, et seq. 
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mate structure of the axis-cylinder refers to the longitudinal 
striations. These are observed in many fibres, but they are 
not constant. Some authors have adopted the view that 
the markings are produced by fibrillse, analogous to the 
fibrillaB of the muscular fibres, in all the fibres, as well as in 
those of the retina, olfactory, and some of the sympathetic 
nerves.' In the organs of special sense, there can be no 
doubt of the existence of fibrilte ; but this is by no means so 
clearly demonstrable in the general system of nerves. Still, 
it is necessary to take into consideration, in this connection, 
certain facts with regard to the origin of the nerve-fibres in 
the cells and their ultimate distribution in sensitive parts. 
In the final distribution of sensitive nerves, we shall see that 
the fibres break up into filaments resembling fibrillse, and 
although the fibrillated character of the poles of the nerve- 
cells is not imreservedly accepted by anatomists, many ob- 
servers positively state that such is their structure. In the 
present condition of the science, we cannot do more than 
state that, while a fibrillated structure has perhaps been 
shown in the nerves of some of the lower orders of animals, 
its existence in man and the mammalia is somewhat doubtful. 
The diameter of the axis-cylinder is about one-half or one- 
third that of the tube in which it is contained. The various 
appearances which the nerve-fibres present under diflerent 
conditions are represented in Fig. 1. 

Simple^ or Non^medullated JSFerve-Fibres. — These fibres 
are found very largely distributed in the nervous system. 
In the last edition of what is perhaps the most authoritative 
work on histology, it is stated that " the more we advance 
in our researches, the more evident it becomes that, in man 
and the higher classes of animals, nerve-fibres without the 
white substance are very widely distributed."' However, 

' ScHULTZE, in SiBiCKER, Manual of Human and Comparative Hiitology^ 
London, 1870, vol i., p. 147, el $eq, 
* EoLLiKEB, op. eit,f p. 822. 
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when we come to study the structni'c and relations of these 
small fibres, which seem in many instances to be simple 
prolongations, without alteration, of the axis-cylinder of the 
medullated fibres, it will be seen that they are chiefly found 
in the peripheral termmations of the nerves and in the fila- 



Fio.l. 




Nerve-flbres ftom the human subject, mogrnlfiod 850 diameters; four small fibres, of which two 
are varicose, one medium-sized fibre with borders of single contour, and four large fibres: of 
the latter, two have a double contour, and two contain granular matter. (KOllikkb, Hand- 
bu4^i der Geicebeie/ire^ Leipzig, 1&67, S. 289.) 

ments of connection of the fibres with the cells. The study 
of the fibres in these relations constitutes the most important 
part, physiologically, of the anatomy of the nerves, and pre- 
sents the greatest difficulties in the way of direct observa- 
tion ; and, for that reason, we shall treat of these questions 
separately, and defer until then the full consideration of the 
non-medullated fibres. 

Gelatinous Nerve-Fibres {Fibres of Remak). — These 
fibres are entirely diflerent in their anatomy from either of 
the varieties of fibres just considered. They are found chiefly 
in the sympathetic system, and in that particular portion of 
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tliis system connected with involuntary movements. For 
instance, these fibres are very abundant in the gray filaments 
sent to parts provided with non-striated muscukr fibres and 
endowed with imdoubted motor properties ; but they are not 
found in the white filaments of the sympathetic, which seem 
to be incapable of exciting movements.* 

Th^re is considerable difference of opinion among physi- 
ologists with regard to the gelatinous filaments. Some are 
disposed to regard them as elements of connective tissue, not 
endowed with properties characteristic of nerves, while others 
consider that they are nerve-fibres, probably i)ossessing func- 
tions distinct from those of the fibres of different structure. 
The first opinion was formerly held by Kolliker, who states, 
in one of the early editions of his work on Microscopic 
Anatomy, that all of the fibres of Remak are " only a form 
of connective tissue ; " ' but in a later edition, he admits that 
the nucleated fibres of the great sympathetic, which resemble 
embryonic nervous elements, are really nerve-fibres." This 
is the view now adopted by the best anatomists. While it 
is certain that elements of connective tissue exist in the 
nerves, and have been mistaken for true nerve-fibres, there 
are in the nerves, particularly in those belonging to the 
great sympathetic system, fibres exactly resembling the 
nerve-fibres of the embryon. These are the true gelatinous 
nerve-fibres, or fibres of Eemak. It is stated that the nerves 
generally have this structure up to the fifth month of intra- 
uterine life, and that in the regeneration of nerves after 
division or injury, the new elements assume this form before 
they arrive at their full development.* 

The true gelatinous nerve-fibres present the following 
characters: They are flattened', with regular and sharp 
borders, grayish and pale, presenting numerous very fine 

' RncAK, ObaervoHonet de SyntemaiU Kerv, StrueUy Berolini, 1838, p. 6. 

* Kolliker, Microscopic Anatomi/y London, 1860, p. 254. 

* Kolliker, ^Hemenis d'hisiologie kumaint, Paris, 1868, p. 432. 

* LiTTRE KT Robin, ZHctionnaire de midecine, Paris, 1865, Article, Nerveuz, 
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granulations, and a number of oval, longitudinal nuclei, a 
characteristic which has given them the name of nucleated 
nerve-fibres. The diameter of the fibres is about -^^^ of 
an inch. The nuclei have nearly the same diameter as the 
fibres, and are about Yis\ny ^^ ^^ ^^^^ ^^ length ; * they are 
finely granular, and present no nucleoli. The fibres are 
rendered pale by the action of acetic acid, but they are 
slightly swollen only, and present, in this 
regard, a marked contrast with the ele- 
ments of a connective tissue. The micro- 
scopical appearances of these fibres, which 
are strongly characteristic, are represented 
in Fig. 2. 

Accessory Anatomical Elements of the 
Nerves. — The nerves present, in addition 
to the difierent varieties of true nerve- 
fibres just described, certain accessory ana- 
tomical elements common to nearly all of 
the tissues of the organism, such as con- 
nective tissue, blood-vessels, and perhaps 
lymphatics, though these have never been 
demonstrated, except in the nerve-centres. 

Like the muscular tissue, the nerves are 
made up of their true anatomical elements, 
the nerve-fibres, held together into primi- 
tive, secondary, and tertiary bundles, and 
so on, in proportion to the size of the nerve. 
The primitive fasciculi are surrounded by 
a delicate membrane, described by Robin 
under the name oi peAnevre^ but which 
had been already noted by other anato- 
mists under different names.* This membrane is homoge- 

' LiTTR& ET Robin, loe. at. 

' LiTTR^ ET Robin, DicUonnaire de medecine^ Paris, 1866, Article, Perinhnrt. 

' KoLLiKEB, jSUmenia d'hiUologie humainc^ Paris, 18C8, p. 817. 




Fibres of Remak, ma^- 
nlfled 800 diameters. 
With the frelatinous 
fibres, are seen two 
of the ordinary, dark- 
bordered nervo-flbres. 

(l^ITTRft KT RODIX, 

JHctionnaire de. mi- 
ftecinfy Paris, 1865, p. 
»99.) 
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neons or very finely grannlar, sometimes marked with longi- 
tudinal strise, and possessing elongated nuclei, finely granular, 
from y^ to ^-jVtt of aii i^ch in length by from -^^ to 
3T^ of an inch wide. The thickness of the membrane is 
from ^g^(y(y to -g-n^ir of an inch. It commences at the point 
where the nerve-fibres emerge from the white portion of the 
nervous centres, and extends to their terminal extremities, 
being interrupted by the ganglia in the course of the nerves. 
This membrane generally envelops a primitive fasciculus of 
fibres, branching as the bundles divide and pass from one 
trunk to another; but it is sometimes foimd surroimding 
single fibres. An important anatomical fact connected with 
this membrane is that it is never penetrated by blood-vessels, 
the smallest capillaries of the nerves ramifying in its sub- 
stance, but never passing through to the individual nerve- 
fibres. "Within the perinerve, are sometimes found ele- 
ments of connective tissue, but never any other of the ac- 
cessory anatomical elements of the nerves.' 

The amount of fibrous tissue in the different nerves is very 
variable and depends upon the external conditions to which 
they are subjected. In the nerves within the bony cavities, 
where they are entirely protected, the fibrous tissue is very 
scanty ; but in the nerves between muscles, we find a toler- 
ably strong investing membrane, or sheath surrounding the 
whole nerve and sending processes into its interior, which 
envelop smaller bundles of fibres. This sheath is formed of 
inelastic fibres with small elastic fibres and nucleated con- 
nective-tissue fibres. These latter may be distinguished 
from the gelatinous nerve-fibres by the action of acetic acid, 
which swells and finally dissolves them, while the nerve- 
fibres are but slightly affected. 

The late researches of Sappey have shown that the struct- 
ure of the fibrous sheath of the nerves possesses certain 
important anatomical peculiarities. The greatest part of 
this membrane is composed of bundles of white, inelastic 

> LiTTB^ ET Robin, loe, ciL 
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tissue, interlacing in every direction ; but it contains also 
numerous elastic fibres, adipose tissue, a net-work of arteries 
and veins, and " nervi-nervorum^^^ whicli are to these struct- 
ures what the vasa-vasorum are to the vessels. The adipose 
tissue is constant, being found even in extremely emaciated 
persons.* 

The vascular supply to most of the nerves is rather scan- 
ty. The arteries break up into a plexus of very fine capil- 
laries, arranged in oblong, longitudinal meshes surrounding 
the fasciculi of fibres ; but they never penetrate the peri- 
nerve and come in contact with the ultimate nervous ele- 
ments. The veins are rather more voluminous, and follow 
the arrangement of the arteries. It is not certain that the 
nerves in their course contain lymphatics ; at least these ves- 
sels have never been demonstrated in their substance. 

Branching and Course of the Nerves. — The ultimate 
nerve-fibres in the course of the nerves have no connection 
with each other by branching or inosculation. A bundle of 
fibres frequently sends branches to other nerves and receives 
branches in the same way ; but this is simply the passage of 
fibres fi-om one sheath to another ; the ultimate fibres them- 
selves maintaining throughout their course their integrity 
and individual physiological properties. This view with 
regard to the course of the fibres in the nerves is held by 
nearly all anatomists. Some, however, assert that branch- 
ing and inosculation of individual fibres sometimes occur in 
the course of nerves ; ' but this statement is not sufficiently 
confirmed, in view of the very general opinion to the con- 
trary. It has long been known, since the researches of Savi, 
Kobin, Wagner, and others, that in the electric organs of 
certain fishes, the large nerve-fibres break up into numerous 

* Sappey, RechereheM sur la strudure de fenvefope fibreuse de» nerfi. — Joitmal 
de Vanatomie^ Paris, 1868, tome v., p. 47, et aeq, 

• ScHULTZB, in Stricksb, Hondbuch der Lehre von den Oewebm^ Leipzig, 1868, 
a 119. 
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oranches before they pass to their termination ; * but there 
b no such arrangement in the human subject or in the high- 
er animals, in the course of the nerves, or anywhere, except 
at the point where the fibres change their character just be- 
fore their termination. The branching and inosculation of 
the ultimate nerve-fibres will be considered in connection 
with the very interesting and important question of their 
ultimate distribution to muscles and sensitive parts. 

Mode of Termination of the Nerves in the YoVwrvta/ry 
Muscles. — For a long time the actual mode of termination 
of the nerve-fibres in the muscles was a question of great 
xmcertainty ; but within the last few years, thanks to the 
elaborate researches of the French and German anatomists, 
the peripheral extremities of the nerves have been so accu- 
rately described and figured, that the great question of the 
mode of connection between the anatomical element con- 
ducting the stimulus to the muscles and the contractile 
elements of the muscles themselves may be considered as 
definitively settled. So many views, however, have been 
presented on this subject from time to time, that an histori- 
cal account of the numerous researches, within even the last 
few years, would possess but little physiological interest.' 

Before physiologists had any definite knowledge of the 
true mode of termination of the motor nerves, the only 
opinion on this subject entitled to any consideration was 
that of Provost and Dumas, who believed that they had de- 

' Robin, Afemoire ntr la dSmon8irati<m expirimerUale de la production d'eledri- 
eiiS par wi appareil propre aux poiuons du genre dee raie8.-^ourn<d de Vana- 
tomie, Paris, 1865, tome ii., p. 638, et seq. 

' Prof. TriDchese, in an historical introduction to an account of his own 
obserrations on the peripheral termination of the nerves, gives an admirable 
review of recent researches on this subject. He is in error, however, in dating 
the view of the termination in loops from Valentin and Emmert, in 1886, this 
theory having been advanced by Provost and Dumas, in 1823. (Trwchese, Mi' 
moire mr la terminaiBon pSriphSrique des nerfs moteure. — Journal de VanaUnnie^ 
Paris, 1867, tome ir., p. 486, et teq,) 



Digitized by 



GoogI( 



30 NERVOUS SYSTEM. 

monstrated loops at the peripheral ends of the nerves resting 
on the muscular fibres. These loops were fully described and 
figured in 1823/ and this view was afterward quite gener- 
ally adopted by physiologists ; but it has been so completely 
overthrown by recent observations, that it is not now a ques- 
tion for discussion. In 1840, Doyere gave an account of the 
peripheral termination of the motor-nerves,' probably as 
accurate as was possible with his imperfect means of in- 
vestigation ; but, as is justly remarked by Prof. Trinchese, 
this observation, though confirmed a few years later by 
Quatrefages,* seems to have been lost sight of by most phys- 
iological writers.* In view of these early researches, it is 
unnecessary to consider elaborately the claims to priority of 
more recent observers, the results of whose investigations 
present slight and unimportant differences ; and, although 
these have been brought forward and warmly discussed* as 
a matter of controversy, they possess but little interest. 

We shall not enter into any further discussion of the 
views expressed by different anatomists with regard to the 
question under consideration, but will now simply describe 
the connection between the peripheral nerves and the mus- 
cles, as it appears from the researches that seem to be the 
most exact and reliable. "Without imderestimating the value 
of other researches, we may state that those of Eouget repre- 
sent, perhaps, the present condition of the question as well as 
any. As we before remarked, the differences between the 

^ Pbeyost et Dumas, Mhnoire sur lea phiiiomhiea qui cucwnpagneni la con- 
traction de la fibre mu8cttlaire. — Journal de phyaiologie^ Paris, 1823, tome iii., 
p. 822. 

' DoricRE, Mhnoire tur les tardigrades. — Annates dee sciences naiurdlcs, Zoo^ 
logie, Paris, 1840, tome xiv., p. 846. 

* QtTATREFAGES, Mkmoire sur VSolidine paradoxale, — Annales des sciences no- 
turelles, Zoologie^ Paris, 1843, tome xix., p. 300. 

* Trinchese (he. cit.) alludes to the observations of Doyiire, which are also 
fully discussed by Kiihne (Stricksb, Hdndburh derZehre von den Oeweben, Leip- 
lig, 1868, S. 147, et seq.), 

* Beale, An Anatomical Controversy, Tht DittribiUion of Nerves in Volun' 
iary MusdCy etc., London, 1865, pp. 88. 
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most reliable observations of recent writers are nearly all 
unimportant; and while future investigations may enable 
lis to go further in following some of the elements of the 
nerve-fibres, they will, in all probability, simply extend our 
knowledge without invalidating the information already ac- 
quired. 

The observations of Eouget were published in 1862, and 
were made upon lizards, frogs, Guinea-pigs, rats, and other 
animals, and confirmed in the human subject/ The tis- 
sues were taken either from the living animal or from an 
animal just killed, and were examined, in some instances, 
without the addition of reagents ; but the most satisfactory 
results were obtained by macerating the muscles for from six 
to twenty-four hours in a liquid containing xtW ^^ hydro- 
chloric acid, and adding to the preparation on the glass slide 
a drop of a solution of sugar in water. In preparations made 
in this way, it is easy to trace the course of the nerves to 
then- termination. The following is the description given 
by Rouget : 

" The nervous trunks and the branches of distribution 
generally cross the course of the muscular fibres. As re- 
gards the terminal ramifications, sometimes they meet the 
muscular fibres at nearly a right angle, and sometimes they 
are placed nearly parallel to the axis of the primitive fascic- 
uli. Branches of distribution are detached sometimes from 
branches containing two or three fibres, and sometimes from 
isolated fibres. After a very short course these tubes divide, 
and may present as many as seven or eight successive divis- 
ions. Most commonly, the termination takes place either 
by divisions of the second or third order, or the same tube 
gives oflT, successively, divisions which pass to the adjacent 
primitive fesciculi and terminate here without new divisions 
and after a very short course. They have a less diameter 

* RonoET, MSmoire tur la terminatMrn dea nerfa moteurs dam lea mtucUs chez 
U» rtptileMy lea oiaeaux d lea manmufhea. — Joumai de la phyaiolo^e, Paris, 1862, 
tome v., p. 674, d aeq, 
103 
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than the primitive nerve-tubes, but they preserve even tc 
the terminal extremity their double contour, and there can 
be demonstrated, very easily, a sheath provided with nuclei, 
a medullary layer, and the axis-cylinder. Never do we ob- 
serve at the termination of the motor nerves the pale and 
non-medullated fibres described by Kiihne and Kolliker. 
At the point where the tube terminates, we remark con- 
stantly a special arrangement which has no analogy with 
that which has been described in the batrachia by these two 
observers, and which Kiihne believed could be extended to 
the higher vertebrata, to the mammalia, and to the human 
subject. The nerve-tube, with a double contour, preserving 
still a diameter of from -^-^ to -^-^ of an inch at the point 
where it touches the primitive fasciculus to become arrested 
at its surface, terminates by an expansion of the central 
nerve-substance, the axis-cylinder, which is in immediate 
contact with the contractile fibres (fibrillse) of the primitive 
fasciculus. The layer of medullary substance ceases ab- 
ruptly at this point, the sheath of the tube is spread out and 
blended with the sarcolemma ; but in immediate continuity 
with the axis-cylinder, a layer, a plate of granular substance, 
from -f-^ to ^p5-^ of an inch in thickness, is spread out be- 
neath the sarcolemma, on the surface of the fibrillae, in a space 
generally oval and about fitr^ ^^ *^ ^^^ '^^^^ ^ ^^^ short 
diameter, and yj^ of an inch in its long diameter. This 
granular substance masks more or less completely, in the 
space which corresponds to it, the transverse strice of the 
muscular fasciculus. The disk itself has exactly the granu- 
lar appearance of the substance of the axis-cylinder in the 
vertebrata, and of that of the nerve-tubes in most of the inver- 
tebrata, especially after being treated by diluted acids. But 
that which essentially characterizes the terminal plates of the 
motor nerves is nn agglomeration of nuclei observed at 
their site. "With a low magnifying power, even, wc can dis- 
tinguish the point where a nerve-tube touches the primi- 
tive fasciculus to which it belongs, and ends abruptly at its 
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8ur&ce, by a collection of from six to twelve or even sixteen 
nuclei whicli occupy the site of the terminal plate. These nu- 
clei are distinguished by their size as well as by their form, 
which is less- elongated than the nuclei of the muscular 
tissue {o(mneotvve4i88%te nuclei of ths prim/Uive fasciculi). 
They present, however, the most complete analogy with the 
nuclei of the nerve-sheath {cormectwe-tisatie nuclei of the 
nerves). They are, without any doubt, nothing else than 
the nuclei which, scattered throughout the entire length of 
the sheath, are collected in a mass at the point where the 
covering of the nerve-fibre is spread out and fuses with the 
sarcolemma of the primitive fasciculus." 

There can be little if any doubt that the description just 
given represents the mode of termination of the nerves in 
the voluntary muscles in man and the mammalia. The ob- 
servations of Kolliker,* who describes a plexus of pale fibres 
with nuclei instead of a well-defined terminal plate, were 
made upon frogs, and are probably correct ; and Kolliker ad- 
mits the accuracy of the observations of Eouget as regards 
reptiles, birds, and the mammalia.* The views of Beale " are 
only entitled to consideration in so far as they confirm previ- 
ous observations. His descriptions and figures, as far as we 
know, are not accepted, nor have they been confirmed by 
any anatomist who has investigated the. subject. The ap- 
pearances of the terminal plates are represented in Fig. 3. 

Although the sensibility of the muscles is slight as com- 
pared with that of the tegumentary tissues, they undoubtedly 
possess nerve-fibres other than those exclusively devoted to 
motion. In addition to the fibres just described, Kolliker 
and some others have noted fibres with a different mode of 
termination. These Kolliker believes to be sensitive nerves, 
and their mode of termination has not been so definitely de- 
scribed as in the fibres with terminal motor plates. TVe 
refrain from giving a very full description even of what has 

1 EdLUKER, £lemenU d^Mstologie humaine^ Paris, 1868, p. 222, ei $eg. 
* Kolliker, op. at, p. 225. * Loc, ciL 
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been observed with regard to the termination of these fibres, 
for future and more successful researches will probably mod- 
ify the views now held with regard to this point. Kolliker * 
states that the fibres in question are very fine, dark-bordered 
tubes, with a medullated sheath, which, when studied in 




Fig. 8. 
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Mode of terminatioii of the motor nerves, after Rooget 

A. Primltiye flMdcaliu of the thjrro-hyold muBcle of the human sabject, and ita nerve>tabe.— 
1, 1, primitive muscular ftsciculus; 2, nerve-tube ; 8, medullary substance of the tube, which 
is seen extending to the terminal platei, where it disappears ; 4, terminal plate situated be- 
neath the sarcolemma, that is to say, between it and the elementary fibrillsD ; 0, 5, sarcolemma. 

B. Primitive Ihscicuhis of the Intercostal muscle of the lizard. In which a nerve-tube tenm- 
nates. — 1, 1, sheath of the nerve-tube ; 2, nucleus of the sheath ; 8, 8, sarcolemma becoming 
continuous with the sheath; 4, medullary substance of the nerve-tube ceasing abruptly at 
the site of the terminal plate; 6, 5, terminal plate; 6, 0, nuclei of the plate; 7, 7, granular 
substance which forms the principal element of the terminal plate, and which is continuous 
with the axis-cylinder: S, 8, undulations of the sarcolemma reproducing those of the flbrilue; 
9, 9, nuclei of the saroolemma. (Lgxokt, Draite de Phytiologie, Paris, 1869, tome ill., p. 99.) 

muscular tissue rendered pale by acetic acid, may be seen to 
give off exceedingly fine, non-medullated fibres, which ter- 
minate in fibres of the same appearance, but provided with 
nuclei. It does not appear to bo certain how these fibres 
end. Kolliker is not satisfied that the free extremities, as 
they appear to be, are the actual terminations ; but he as- 
serts that in some rare instances they communicate with 
each other. For the present this point must be considered 
as unsettled. 

Mode of Termination of the Nerves in the Invohtntavy 
Muscular Tissue. — The nerves have not been followed out 

> KoLLiKKR, op. cU., p. 228. 
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80 satisfactorily in the involuntary as in the striated muscu- 
lar system ; and as most, if not all of the fibres are derived 
from the sympathetic system, which contains numerous 
fibres of Remak the terminations of which have not been 
described, it is evident that our information concerning this 
part of the peripheral nervous system must be incomplete. 
Perhaps the most remarkable of the late observations upon 
this point are those of Dr. Frankenhaeuser, upon the nerves 
of the uterus. These researches were very elaborate ; but 
the point most interesting in this connection is that the 
nerves, having formed a plexus in the connective tissue, send 
exceedingly small fibres into the sheets or layers of muscu- 
lar-fibre cells, which branch and finally go into the nucleoli 
of these structures.' Arnold has confirmed these observa- 
tions, and has shown farther that in many instances the fine 
terminal nerve-fibres branch and go into the nuclei of the 
muscular fibres, and then pass out to join with other fibres 
and form a plexus.* 

Termmation of the Nerves m Glands. — The great in- 
fluence which the nervous system exerts upon secretion at- 
taches considerable interest to recent researches into the 
ultimate distribution of the nerves in the glands. It must 
be remembered, however, in these, as in all observations 
upon the destination of the smallest nerve-fibres, that the 
problem is one of the most difficult in the whole range of 
minute anatomy ; and the results arrived at must be received 

' Frankenha£U8Br, IHe Nerven der Oebaermutter und ihre JEttdigung in den 
fj^aUen. MmkeU/asem, Jena, 1867, S. 76, Taf. yiii. 

* Arnold, in Stricker, Manual of Human and Comparative Histologg^ Lon- 
don, 1870, voL I, p. 195, ei seq. The exact mode of termination of the nerves 
in the organic muscles cannot be regarded as definitively settled. We have at- 
tempted, however, to give what seem to be the most reliable views on this sub. 
ject, deduced from recent observations. For a further dbcussion of some of 
the points which we have accepted as probable, the reader is referred to a recent 
article by Krause. {Die Nervenendigung in den glatten Muekden, — Archiv fur 
Anatomie^ Phytiologie und wiesenechafUiche Mediein^ Leipzig, 1870, S. 1, «^ eeq.) 



Digitized by 



GoogI( 



86 NERVOUS SYSTEM. 

with a certain amount of caution, untU they shall have been 
amply confirmed. 

The researches of Pfluger upon the salivary glands leave 
no doubt as to the fact that medullated nerve-fibres pass to 
the cells of these organs and there abruptly terminate, at 
least as dark-bordered fibres. This author believes, how- 
ever, that, having formed a more or less branching plexus, 
non-medullated fibres pass directly into the glandular cells, 
and he gives figures which seem to illustrate this arrange- 
ment pretty clearly. The same observer describes and fig- 
ures multipolar cells, mixed with the glandular cells, in 
which some of the nerve-fibres terminate.* 

Modes of TermmaMoTh of the Sensory Neroes. — There 
are undoubtedly several modes of termination of the sensi- 
tive nerves in integument and mucous membranes, some of 
which have been accurately enough described, while others 
are still somewhat uncertain. In the first place, anatomists 
now recognize three varieties of corpuscular terminations, 
differing in their structure, probably, according to the differ- 
ent functions connected with sensation, with which the parts 
are endowed. In addition, it is probable that many sensi- 
tive nerves are connected with the hair-follicles, which are 
so largely distributed throughout ' the cutaneous surface. 
There are, also, terminal filaments not connected with any 
special organs, some of them, perhaps, ending simply in free 
extremities, and some connected with epithelium. There is 
still considerable difference of opinion among anatomists 

' PixtGER, in Stricker, Manual 0/ Human and Comparative HtMtologyy Lon- 
don, 1870, vol i., p. 483, ei aeq. The views here advanced by Pfluger have Ueen 
confinned by him in more recent observations and extended to the pancreas 
{Journal of Anatomy and Physiology y Cambridge and London, 1870, vol iv., p. 
156). Pfliiger states, also, his belief that the same connection exists between the 
nerves and the liver^iells (ibid., p. 188). The question, however, is still some- 
what uncertain, and Mayer, in examinations of the salivary glands, found fila- 
ments in connection with the nuclei, but failed to satisfy hunself that they were 
nervous {Quarterly Journal of Microscopical SdencCy London, April, 1870, p. 199) 
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concerning all of these various i)oints, but with regard to the 
terminal corpuscles, these differences are purely anatomical, 
and do not materially affect the physiology of sensation. 
We do not propose, therefore, to enter fully into the discus- 
sions upon these questions, and will simply present what 
seem to be the most reasonable views of the latest and most 
reliable observers. 

Corpuscles of Pacini^ or of Voter. — These corpuscles, 
which were the first discovered and described in connection 
with the sensitive nerveSj were called corpuscles of Pacini, 
until it was shown that they had been seen about a century 
and a half ago by Vater. ' Their actual mode of connection 
with the nerves, however, has only been ascertained within 
the last few years. The following ai*e the measurements of 
these bodies and the situations in which they are found, 
taken from Kolliker : * 

In man, these corpuscles are oval or egg-shaped, and 
measure from t^^ to ^ of an inch in length. They are always 
found in the subcutaneous layer on the palms of the hands 
and the soles of the feet, and are most numerous on the 
palmar surfeces of the f ngers and toes, particularly the third 
phalanges. In the entire hand there are about six hundred, 
and about the same on the feet. They are sometimes, but 
not constantly, found in the following situations : The dor- 
sal surfaces of the hands and feet ; on the cutaneous nerves 
of the arm, the forearm and the neck, the internal pudic 
nerve, the intercostal nerves, all of the articular nerves of 
the extremities, the nerves beneath the mammary glands, 
the nerves of the nipples, and in the substance of the 
muscles of the hands and feet. They are found without ex- 
ception on all of the great plexuses of the sympathetic sys- 
tem, in front of and by the sides of the abdominal aorta, and 
behind the peritoneum, particularly in the vicinity of the 

1 Kolliker, jSUmmit d'hUtologU humaine^ Paris, 1868, p. 141. 
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pancreas. They sometimes exist in the mesentery, and have 

been observed near the coccygeal ghind. 

The structure of the cor- 
puscles consists simply of sev- 
eral layers of connective tis- 
sue enclosing a central bulb 
in which is found the terminal 
extremity of the nerve. This 
bulb is finely granular, nucle- 
ated, and is considered by most 
anatomists to be composed of 
connective tissue. At the base 
of the corpuscle is a pedicle 
formed of connective tissue sur- 
rounding a medullated nerve- 
fibre which penetrates the cor- 
puscle and terminates in the 
central bulb. 

The only really important 
point of discussion with refer- 
ence to the structure of the 
nerve-fibre in the central bulb, 
and this is purely anatomical, 
is whether or not the medul- 
lary substance extends into the 
corpuscle itself. Probably the 
fibre is here reduced simply 
b to the axis-cylinder. KoUiker 

'^^iaT^d.^JS,,^ii73?c.'»e tliinks that there is a very thin 
taffifkekSuSJ^rT.r^JvX'! layer of medullary substance, 
tkc'^SHJr&tJrt ST'V'd.^Si; but he states that this is a ques- 
X^}^Tri^J^^T!^X^m, tion difficult to decide.* _ All 
^' ^^^ anatomists agree that a single 

thin, flat fibre penetrates the corpuscle and terminates near 

its summit in two or three branches, with slightly enlarged 

^ Op. dl, p. 148. 
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and granular extremities. The arrangement of the diiferent 
anatomical elements is shown in Fig. 4. 

The situation of these corpuscles beneath, instead of in 
the substance of the true skin, shows that they cannot be 
properly considered as tactile corpuscles, a name which is ap- 
plied to other structures sitfuated in the papillse of the corium ; 
and it is impossible to assign to them any special function 
connected with sensation, such as the sense of temperature, 
or the appreciation of pressure or weight. All that we can 
say with regard to them is that they constitute one of the 
several modes of termination of the nerves of general sensi- 
bility. 

Tactile Corpuscles. — The name tactile corpuscles implies 
that these bodies are connected with the sense of touch ; and 
this view is sustained by the fact that they are found almost 
exclusively in parts endowed to a marked degree with tac- 
tile sensibility. They are sometimes called the corpuscles of 
Meissner and Wagner, after the anatomists by whom they 
were first described. The most interesting researches into 
their structure, however, are of later date. The view ordi- 
narily accepted with regard to the structure of these bodies 
is that adopted by KoUiker, who has himself investigated 
their anatomy very closely ; but his researches have been 
controverted very strongly by Eouget. All are agreed con- 
cerning the situations where these corpuscles are found, their 
number, etc., the discussions with regard to their structure 
being confined to their mode of connection with the nei*ve- 
fibres. 

The true tactile corpuscles are found in greatest number 
on the palmar surfaces of the hands and fingers and the plan- 
tar surfaces of the feet and toes. They exist, also, in the 
skin on the backs of the hands and feet, the nipples, and a 
few on the anterior surface of the forearm. As we shall see 
when we come to describe them fully, they are situated in 
the substance of the papillse of the skin, and they cannot fiiil 
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to have an important ftinction in connection with the sense 
of touch. 

We have abeady treated of the structure of the skin in 
another volume/ where we have seen that the largest pa- 
pillse, measuring from ^hf *^ tJt ^^ ^^ ^^^ ^^ length, are 
found on the hands, feet, and nfpples, precisely where the 
tactile corpuscles are most abundant. Corpuscles do not 
exist in all papillae, and are found chiefly in those called cora- 
poimd. In the space of about -^ of an inch square on the 
thu'd phalanx of the index-finger, Meissner counted four 
hundred papillse, in one hundred and eight of which he found 
tactUe corpuscles, or about one in four. In the same space on 
the second phalanx, he found forty corpuscles ; on the first 
phalanx, fifteen ; eight on the skin of the hypothenar emi- 
nence ; thirty-four on the plantar surface of the ungual phalanx 
of the great-toe ; and seven or eight in the skin on the middle 
of the sole of the foot. In the skin of the forearm, the cor- 
puscles are very rare." KoUiker states, also, that the tactile 
corpuscles usually occupy special papillse, which are not pro- 
vided with blood-vessels ; so that the papillae of the hand 
may be properly divided into vascular and nervous. 

The form of the tactile corpuscles is oblong, with their 
long diameter in the direction of the papillae. Their length 
is from -j^ to yJ-3- of an inch. In the palm of the hand, they 

are from ^kz *^ -rhf ^^ ^^ ^^^ ^^^gy ^^^ ^^^™ zhf ^^ zhf ^^ 
an inch in thickness.' They are generally situated at the 
summits of the secondary eminences of the compound pa- 
pillae. 

It is almost certain that the tactile corpuscles consist of 
connective-tissue elements, with nerve-fibres making a few 
spiral turns on their surface and finally disappearing in their 
substance. This view is most ably supported by Kolliker, in 
opposition to the proposition advanced by Eouget, that the 

' See vol. iii., Excretion, p. 115. 

* K5LLIKIR, jSlemerUa d'htBtologie humaine^ Paris, 1808, p. 139. 

» KdLLiKKR, op. city p. 188. 
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striffi on the surfece of the corpuscles are produced exclusively 
by nerve-fibres. According to Kolliker, the tactile corpuscles 
consist of a central bulb of homo- 
geneous or slightly granular con- 
nective-tissue substance, analo- 
gous to the central bulb of the 
Pacinian corpuscles, and a cov- 
ering. Treated with acetic acid, 
the covering presents numerous 
elongated nuclei arranged in a 
circidar manner, which he be- 
lieves to be nuclei of connective 
tissue, and a few fine elastic fibres. 
One, two, and sometimes three 
or four dark-bordered nerve-fibres 
pass from the subcutaneous ner- 
vous plexus to the base of each 
corpuscle. These surround the 
corpuscle with two of three spiral 
turns, and terminate by pale ex- 
tremities at the surface of the central bulb, 
ment is shown in Fig. 5. 

Kouget believes that the spiral lines on the surface of 
the corpuscles are produced exclusively by gelatinous, nu- 
cleated nerve-fibres which cover them completely, some- 
times dividing and sometimes remaining single, and that 
the fibres terminate in a nucleated central mass, entirely 
analogous to tlie nucleated expansion of the motor nerves. 
He claims to have demonstrated this in preparations 
treated for two or three days in a liquid containing one drop 
of acetic acid in about three and a third fluidounces of water, 
and afterward washed in pure water, which denudes the 
papillae of their epitheliimi." In his endeavor to establish a 

' Kolliker, op. eit.^ p. 188. 

' RouoET, Memoire sur lea eorpnucles nerveux qui se rencontrerU d Vorigine dea 
nerfa nenaiti/t, dam lea papiUea de la peau el dea muqueuaea, — Archivea de pkyai- 
olo^ Paris, 1868, tome L, p. 599. 






Cataneoos papilla. — a^ cortical layer with 
plasmatic oilla and fine elastic fibres ; 
0, tactile corpuscle, with transverse 
nuclei; o, aflbrent nervous branch, 
with its nucleated neurilemma; d^ 
nerve-fibres endrcUnff the corpuscle; 
«. the apparent tenrjnatlon of one of 
these fibres. (KAllikrb, Handlnuih 
der Gewebelehrt, Leipzig, 18G7, 8. 106.) 



This arrange- 
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complete anaiogy betwedti the terminatioiis of the sensitive 
and the motor nerve-fibres, Ronget does not seem to be en- 
tirely sustained ; for the behavior of the diflferent anatomical 
elements of the tactile corpuscles when treated by acetic 
acid, and again when colored with carmine, shows conclu- 
sively the presence of connective-tissue elements in their 
outer covering. The observations of KoUiker and others 
leave no doubt upon this point;* and as we have already 
seen in treating of the structure of the nerve-fibres,' the 
changes produced by acetic acid enable us to readily distin- 
guish the gelatinous nucleated fibres from the elements of 
connective tissue. While the exact mode of termination 
of the fibres in the tactile corpuscles is not perfectly clear, 
we must adopt for the present the views of Kolliker, as the 
most reasonable and satisfactory. 

Terminal Bulbs. — ^Under this name, .a variety of cor- 
puscles has lately been described by Krause " as existing in 
the conjunctiva covering the eye and in the semilunar fold, 
the floor of the buccal cavity, the tongue, the glans penis, 
and the clitoris. They bear some analogy to the tactile cor- 
puscles, but are much smaller and more simple in their struct- 
ure. They form simply a rounded or oblong enlargement 
at the ends of the nerves, which is composed of homogeneous 
matter with an exceedingly delicate investment of connec- 
tive tissue. They measure from yj^ to -^ of an inch in 
diameter. In the parts provided with papillae, they are situ- 
ated at the summits of the secondary elevations. 

The arrangement of the nerve-fibres in these corpuscles 
is very simple. One, two, or three medullated fibres pass 
from the submucous plexus to the corpuscles. The invest- 
ing sheath of the fibres is here continuous with the con- 
nective-tissue covering of the corpuscle, and the nerve- 

> Zoe. eU, » See page 26. 

• W. Krause, Die (erminalm Korperchen der einfach serMilen NerveHy Han^ 
noTer, 1860, S. 125. a $eo. 
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fibres pass into the corpuscle, break up into two or three 
divisions, and terminate in convoluted or knotted coils. 



Fio. 6. 





A. Three corpascles of Krause from the oo^JunctiTa of man, treated Tvith acetic acid (mag^l- 
fled SOO duunetera ) ; after a drawing by Ludden.— 1, Bpherlca) corpuade, with two nerve- 
fibres which form a knot in its interior. Portions of two pale nerve-fibres are also seen. 2, 
a rounded corpuscte presentinff a nerve-fibre and Ibttv granulations in the internal bulb; 8, 
an elongated corpuscle with a distinct terminal fibre, u these three corpuscles, the covering, 
nucleated in 1 and 2, is distinguished. 

B. Terminal bulbs trom the coi^unctiva of the calt treated with acetic add (magnified 800 di- 
ameters^; after a drawing by Lfldden.— 1, extremity of a nerve-fibre with its bulb: 2, double 
biihrcation of a nerve-fibre, with two terminal bulra; a, covering of the tenninal bulbs: b, 
internal bulb ; e, pale nenre-fibre. (EOllikeb, HcmdbwA (Ur GetcebeUhre^ Leipzig, ls67, 

The nerve-fibres are medullated for a certain distance, but 
their terminations are generally pale. The above is one 
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form of these corpuscles. Sometimes, however, the terminal 
bulbs are oblong, and sometimes but a single nerve-fibre 
penetrates the bulb and terminates in a simple pale filament. 
The principal forms of the terminal bulbs are shown in Fig. 6. 

General Mode of TermincUion of the Sensory Nerves. — 
The actual termination of the sensitive nerves upon the gen- 
eral surface and in mucous membranes is still a question of 
great obscurity. Though we have arrived at a pretty defi- 
nite knowledge of the sensitive corpuscles, it must be re- 
membered that there is an immense cutaneous and mucous 
surface in which no corpuscles have as yet been demon- 
strated; and it is in these parts, endowed with what we may 
call general sensibility, as distinguished from the sense of 
touch, that we have to study the mode of termination of the 
nerves. 

KoUiker is of the opinion that, in the immense majority 
of instances, the sensitive nerves tenninate in some way in 
the hair-follicles.* K this be true, it will account for the 
termination of the nerves in by far the greatest portion of 
the skin, as there are few parts in which hair-follicles do not 
exist ; but, unfortunately, the exact mode of connection of 
the nerves with these foUicles is not apparent. The fol- 
lowing is all we know positively of the terminations of the 
nerves on the general surface : 

MeduUated nerve-fibres form a plexus in the deeper lay- 
ers of the true skin, from which fibres, some pale and nucle- 
ated and others meduUated, pass to the hair-follicles, divide 
into branches, penetrate into their interior, and are there lost. 
A certain number of fibres pass to the non-striated muscu- 
lar fibres of the skin. A certain number pass to papilte and 
terminate in tactile corpuscles, and others pass to papilte 
that have no tactile corpuscles. 

In the mucous membranes, as far as we know, the mode 
of termination is, in general terms, by a delicate plexus just 

> Op. cit, p. 144. 
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beneath the epithelium, coming from a submucous plexus 
analogous to the deep cutaneous plexus. In certain mem- 
branes, we have already noted the termination in bulbs (cor- 
puscles of Krause). In the cornea the fibres have been fol- 
lowed more minutely than in any other situation, and the 
results of recent researches on this subject are very remark- 
able. These results are so recent and unexpected, that we 
are hardly prepared to admit them unreservedly without 
fuller confirmation. At present we can only state that the 
observations of Hoyer,* lapmann,* and others, confirmed in 
part by KoUiker,* seem to show that branching nerve-fibres 
pass to the nucleoli of the corpuscles of the cornea and to the 
nucleoli of the cells of the posterior layer of epithelium. 

Stvuctwre of the Nerve-centres. 

A peculiar pigmentary matter in the nerve-cells and the 
surrounding granular substance gives to the nerve-centres 
a grayish color, by which they are readily distinguished 
firom the white, or fibrous, division of the nervous system. 
Wherever this gray matter is found, the anatomical ele- 
ments of the tissue are cellular, except in the nerves formed 
of gray, or gelatinous fibres. Under the general division of 
nerve-centres, we include, anatomically at least, the gray 
matter of the cerebro-spinal centres, the ganglia of the roots 
of the spinal and certain of the cranial nerves, and the nu- 
merous ganglia of the sympathetic system. In these parts 
are found cells, which constitute the essential anatomical 
element of the tissue, granular matter resembling the con- 
tents of the cells, pale fibres originating in prolongations of 
the cells, elements of connective tissue, delicate membranes 

' HoTER, Ueber deA AnttriU von Kervmfaser in das EpUhd der Homhaut, — 
Arekiv fur Anatomte^ Physiologie und wissenteha/Uiche Medicin, Leipzig, 1866, 
a ISO, d teq, 

' LiPPMANN, UAer die Endigung dm Nerven im eigentUchen Oewibe und im 
kinteren EpHhd der Homhaut des Froachea, — Archiv fur PcUhclogie^ A naiomie und 
FkyMogie, Berlin, 1869, Bd. xlviii., S. 218, d aeq. 

'KoLLiKER, £Umenls d'hiOologie humaine^ Paris, 1868, p. 145. 
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enveloping some of the cells, and vessels. The most inter- 
esting and important of these structures, in their physiologi- 
cal relations, are the cells and the prolongations by which 
they are connected with the nerves. 

Nerve-celZs. — ^Anatomists are now pretty well agreed that 
the following varieties of cells exist in the nei*ve-centres, and 
constitute their essential anatomical elements ; viz., apolar, 
unipolar, bipolar, and multipolar cells. Although some have 
denied the existence of apolar cells, there can be little doubt 
of their presence in the centres in small numbers, and, as is 
suggested by KoUiker, they may be nerve-cells in an imper- 
fect state of development. The nerve-cells present great 
diflferences in their size and general appearance, and some 
distinct varieties are found in particular portions of the 
nervous system, and are probably connected with special 
functions. 

The apolar cells are simply rounded bodies, with granular 
contents, a nucleus and nucleolus like other cells, but with- 
out any prolongations connecting them with the nerve-fibres. 
They have been observed in the cerebro-spinal centres, and 
they always exist in the sympathetic ganglia. Those who 
deny their existence believe that the poles have been de- 
tached in preparing specimens for examination. Unipolar 
cells exist in some of the lower orders of animals, but their 
presence in the himian subject is doubtful. Bipolar cells 
are found in the ganglia of the posterior roots of the spinal 
nerves, where they are of considerable size. Smaller bipolar 
cells are found in the sympathetic ganglia. Multipolar cells 
present three or more prolongations. 

Small cells, with three, and rarely four prolongations, 
are found in the posterior comua of the gray matter of the 
spinal cord. From their situation they have been called 
sensitive cells. They are undoubtedly found in greatest 
number in parts known to be endowed exclusively with 
sensitive properties. 
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Large, irregularly-Bhaped multipolar cells, with nuiner- 
ous prolongationB, are found chiefly in the anterior comua 
of the gray matter of the spinal cord, and have been called 
motor cells. These sometimes present as many as ten or 
twelve poles. 

With all these differences in the size and form of the 
nerre^sells, they present tolerably nniform general charac- 
ters as regards their structure and contents. Leaving out 
the apolar and unipolar cells, the perfectly-developed cells 
are of an exceedingly irregular shape, with strongly-refract- 
ing, granular contents, frequently a considerable number of 
pigmentary granules, and a distinct nucleus and nucleolus. 
The nucleus in the adult is almost invariably single, though, 
in very rare instances, two have been observed. Cells with 
multiple nuclei are often observed in young animals. The 
nucleoli are usually single, but there may be as many as four 
or five. The strongly-refracting contents, the peculiar shape, 
and the poles or prolongations give the nerve-cells an ex- 
ceedingly characteristic appearance, which is represented in 
Fig. 7. 

The diameter of the cells is as variable as their form. 
They usually measure from yj^ to -^ of an inch ; * but 
there are many of larger size, and some are smaDer. The 
nuclei measure from -^g^^ to tjVtt ^^ ^^ ^^^^' 

The nerveK5ells are so delicate and prone to alteration 
that their study is exceedingly difficult. Sections of the 
nerve-centres must be prepared with great care, and are not 
easily made and preserved. Li the numerous anatomical 
investigations that have been made within the last few years, 
the centres have generally been hardened artificially; and 
almost every investigator has used different processes and 
reagents, which may account in a measure for the differ- 
ences of opinion that now exist on all points connected with 
the minute anatomy of these parts. 

There is at the present time considerable discussion with 

1 PovoHiT, JPrScU tTMitoloffie Mcmotn^, Paris, 1864, p. 189. 
104 
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regard to the intimate structure of the substance of the nerve- 
cells, their nuclei and nucleoli, and the points involved have 
a certain amount of physiological interest. In the first place, 
the transverse striae in the axis-cylinder treated with nitrate 
of silver, noted by Fromp[iann and confirmed by Grandry and 
others, have been observed by Grandry in the substance of 
the nerve-cells.* While this fiact, perhaps, shows that the 



Fio.7. 




Ncrve-cen finom the feim^OTU sabstanoe which fbrma the floor of the rhomboldal slniu, in mtn. 
Magnified 860 diametera. (KOlukbs, Mand^uoh der Gw>ebsi4hr^ Leipdg, 1867/8. 291.) 

substance contained in the cells and their prolongations is 
the same as the substance of the axis-cylinder, as we stated 
with regard to the axis-cylinder, it is possible that the mark- 

1 See page 22. 
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ings may be entirely artificial, and that they do not demon- 
strate the existence of two distinct substances in the tissue. 

The most interesting question with regard to the struct- 
ure of the nerve-cells relates to the mode of origin of their 
fibres, or poles. Until quite recently these have been re- 
garded as simple prolongations of the substance of the 
cells ; but lately the view has been advanced that the nerve- 
cells, in the human subject, are composed of regular fibrils 
continuous with the poles and starting, as it were, from 
the nucleoli.* The fibrillation of the nerveK^ells and their 
prolongations is figured by Schultze in an article in one 
of the most authoritative of the recent works on histolo- 
gy ; * but some other eminent observers have failed to note 
the appearances here described,' at least in the human sub- 
ject and the mammalia. With our present knowledge of 
the physiology of the nerve^jells, the question whether or 
not their substance be fibrillated has little more than an ana- 
tomical interest ; but there can be no doubt that the cells of 
some of the lower orders of animals possess striations more 
or less regular. These, indeed, were described soon after the 
cells were discovered. While there is no anatomist who de- 
nies the fact that the substance of the cells is marked by 
striffi in many animals^ the existence of an analogous ar- 
rangement in the human subject is still doubtful. Some 
anatomists, with Schultze, admit the striations, but have • 
fiiiled to connect them with the nuclei and nucleoli. All 
admit that they are demonstrated with great difficulty ; and, 

* B&ALB, IndicaUoru of the Patkt taken hy ike Nerve-^mrrents as (hey iravene 
the eaudaie Nerve-ceUe of the Spinal Cord and Eneephalon, — Proceedings of the 
Boyal Society^ London, 1864, vol. xiii, p. 386, et seq, 

Fbommann, Ueber die Fdrbung der Binds- wtd NervensuhstanM des 

Buekenmarkes dureh Argentum nitricum und iiber die Struktur der NervemdUn. 
-^Arehiv fOr pathologieehs Anaiomie und Physiologie, Berlin, 1864,^Bd. zxxi., S. 
184. 

* Schultze, in Stricker, Manual of Human and Comparative Histology^ Lon* 
ion, 1870, vol i., p. 179. 

* KdLLixzB, £Umettts d*hisioU)gis kumains^ Paris, 1868, p. 832. 
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-while this qneetion is so important that it can hardly be neg- 
lected in studying the physiological anatomy of the nerve- 
centres, it is one concerning which it seems impossible to ex- 
press a positive and definite opinion. 

Comiection of the Nerve-cells with the Fibres cmd with 
each other. — ^Although the mode of connection of the nerve- 
ceUs with the fibres and with each other is one of the most 
important, in its physiological bearings, of all the points 
connected with the minute anatomy of the nerve-centres, It 
is impossible, in the present state of our anatomical knowl- 
edge, to answer the questions involved in a manner entirely 
satisfactory. This statement is made after a thorough study 
of the investigations of the most reliable modem observers, 
among whom may be mentioned Stilling, Lockhart Clarke, 
KoUiker, R. Wagner, Jacubow^tsch, Yan der Kolk, Deiters, 
J. Dean, and Schultze, as the most prominent, with many 
others who have investigated the subject more or less success- 
fully.* A full discussion of the different opinions and the 
methods of investigation that have been employed would be 
out of place in this work. The diflSculties in the way of 
arriving at positive information upon these questions are the 
following : ^ 

1. The nerve-cells and their prolongations are so delicate 
and easily torn that they cannot be isolated and followed for 
any considerable distance, and theoretical considerations are 
constantly required to fill up the deficiencies in actual obser- 
vation. 

2. In the study of sections of the nerve-centres, the parts 
must be hardened and afterward rendered transparent by 
reagents, which must produce more or less change in the 
structures ; and it seems an anatomical impossibility to make 
these sections so as to follow out the prolongations of the 

1 Ediliker giyes a Tery ftdl bibliography of the anatomy of the nerroos sys- 
tem, to which the reader is referred for more extended information. (jSUmenta 
d'kutoloffie kumaine, Paris, 1868, p. 441.) 
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eells &r enough to establish beyond donbt their exact rela- 
tions. 

These two considerations alone are snfScient to account 
for the uncertainty so apparent even in the most successful 
investigations into the anatomy of the central nervous sys- 
tem ; and we shall content ourselves, in view of these factsj 
with giving a summary of what seems to be the probable 
relation of the cells to the fibres of origin' of the nerves and 
to each other. 

Apolar cells, if they exist at all and be not cells from 
which the poles have become separated, are simple, roimded 
bodies, lying between the fibres, with which they have no 
other relation than that of mere contiguity. Unipolar cells 
have but one prolongation, which is continuous with a 
nerve-fibre. It is not certain that these exist in the human 
subject. 

Bipolar cells are foimd in the ganglia of the posterior 
roots of the spinal nerves and some of the sympathetic gan- 
glia. In many of the lower animals, particularly in fishes, 
the cells of the ganglia of the spmal nerves are simple, nucle- 
ated enlargements in the course of the sensitive nerve-fibres, 
aud many anatomists have inferred that the same arrange- 
ment exists in man and the mammalia ; ^ but the constitution 
of these ganglia in the higher classes of animals seems to be 
entirely different. In the first place, the roots of the spinal 
nerves at the ganglia are undoubtedly reenforced by the ad- 
dition of new fibres, as Kolliker has shown by actual meas- 
urement, the roots being sensibly larger beyond the ganglia 
while the filaments of entrance and exit have the same diam- 
eter.' Direct observation upon the ganglia in man also fails 
to show the arrangement so clearly demonstrable in fishes. 
The cells in the posterior roots are not continuous with the 
fibres passing from the periphery to the cord, but give origin 
to new fibres, generally two in number, which sometimes are 

* LoNOET, TraUS de physioloffiey Paris, 1869, tome iil, p. 95. 
s EdixiKSB, J^SmerUa d'hUiohgie kumaine^ Paris, 1868, p. 419. 
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single and sometimes bifurcated, and which pass, m by far 
the greatest number if not in all instances, to the periphery. 

The multipolar cells, with three or more prolongations, 
are found in all of the ganglia, but they predominate largely 
in the gray matter of the cerebro-spinal centres. It is the 
question of the exact mode of connection between these cells 
and the fibres of origin of the cerebro-spinal nerves and the 
union of the cells with each other by commissural prolonga- 
tions, that presents the greatest difficulty and uncertainty. 
One point, which has been raised within a few years, is with 
regard to the character of the different poles connected with 
the same cell. In ordinary preparations of the central ner- 
vous system, it is impossible, even with the highest available 
magnifying powers, to distinguish any one pole which, in its 
general characters and connections, is different from the 
others ; yet, some of the anatomists to whose researches we 
have alluded describe a single pole, more distinct m its out- 
lines than the others, which does not branch and is to be re- 
garded as an axis-cylinder. The other poles are supposed to 
be of a different character, not connected with the nerve- 
fibres, and always presenting a greater or less number of 
branches. These views are accepted by Schultze, who gives a 
figure, after Deiters,in which the contrast between the poles 
is represented as very marked ; * but although this opinion 
is accepted by other high authorities,' it is not easy to un- 
derstand how it can be received without reserve, when it 
is so difficult, if not impossible, to follow out the poles, ex- 
cept for a very short distance. 

With our present means of investigation, there seems to 
be. no doubt with regard to the following facts: Tracing 
the nerve-fibres toward their origin, they are seen to lose 
their investing membrane as soon as they pass into the 
white portion of the centres, being here composed only 

* Striokbb, Manual of Hitman and Comparative Higtoiogy^ London, 1870, 
Tol I, p. 177. 

* K6U.IKER, £lSment8 d'hutoloffie humaiM, Pari^ 1868, p. 862 
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of the medullary substance snrrounoing the axis-cylinder. 
They then penetrate the gray substance, in the form of axis- 
cylinders, losing here the medullary substance. In the gray 
substance, it is impossible to make out of all their relations 
distinctly, and we cannot assume, as a matter of positive dem- 
onstration, that all of them are connected with the poles of 
the nerve-cells. Still, it has been shown, in the gray matter 
of the spinal cord, that many of the fibres are actual prolon- 
gations of the cells, the others probably passing upward to 
be connected with cells in the encephalon. 

Tracing the prolongations from the cells, we find that 
one or more of the poles branch and subdivide in the gray 
substance, and give origin to fibres, but that these fibres do 
not branch after they pass into the white substance. Other 
poles connect the nerve-cells with each other by commissural 
fibres of greater or less length; but it has never been posi- 
tively demonstrated that the cells are thus connected into 
separate and distinct groups, though this is possible. 

The accompanying figure, taken from the excellent mono- 
graph on the lumbar enlargement of the spinal cord, by Dean, 
shows the mode of connection between certain of the cellular 
prolongations and the fibres of the anterior roots, and the 
commissural fibres by whicK the cells are connected with each 
other. 

Aooessory Anatomical ^ElemerUa m the Nerve-centres. — 
While we must regard the cells of the gray matter and the 
axis-cylinder of the nerves as probably the only anatomical 
elements concerned in innervation, there are other struct^ 
ures in the nervous system which it is important for us to 
study. These are : 1, outer coverings surrounding some of 
the cells ; 2, intercellular, granular matter ; 3, peculiar cor- 
puscles, called myelocytes; 4, connective-tissue elements; 
5, blood-vessels' and lymphatics. 

Certain of the cells in the spinal ganglia and the ganglia 
of the sympathetic system are surrounded with a nucleated 
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Group of celb connected wtUi the anterior roots, as seen In a transverse section, from the an- 
terior comu of the sheep.— ^1, entrance of the anterior roots into the coma; &, 6, 6, b^ cells 
connected by long, slender processes, with the anterior roots ; e, boondary of the coma. In 
this figure aJmost every variety of ceIl-<xmnection may be seen, with bundles of fibres cross- 
ing in every direction. (Dkan, Mieroaoapie Anatomy qf ths Lumbar Enlargtmwt qf the 
■/^pinal Cbrd, Oambrldge, 1861, Fig. 4.) 



Digitized by 



GoogI( 



ACX^ESSOBT ELEMENTS IN THE NEBYE-CENTBES. 55 

covering, some distance removed from the cell itself so as to 
oe nearly twice the diameter of the cell, which is continuous 
with the sheath of the dark-bordered fibres/ This mem- 
brane is always nucleated, and KoUiker has lately shown 
hat it is not homogeneous, as was at one time supposed, but 
is composed of a layer of very delicate epithelium." The 
physiological significance of this covering is not apparent. 

In the gray matter of the nerve-centres, there is a finely- 
granular substance between the cells, which closely resem- 
bles the granular contents of the cells themselves. In addi- 
tion to this granular matter, Eobin has described new ana- 
tomical elements which he has called myelocytes. These 
are found in the cerebro-spinal centres, forming a layer near 
the boundary of the white substance, and are particularly 
abundant in the cerebellum. They exist in the form of free 
nuclei and nucleated cells, the free nuclei being by far 
the more numerous. The nuclei are rounded or ovoid, with 
strongly-accentuated borders, are unaifected by acetic acid, 
finely granular, and generally without nucleoli. The cells 
are rounded or slightly polyhedric, pale, clear, or very slightly 
granular, and contain bodies similar to the free nuclei. The 
free nuclei are from -y^jVir*^ TiAn> ^^ ^^ ^^^ ^^ diameter, and 
the cells measure from t^jVit *^ toW j *^^ sometimes ^^^ of 
an inch." These elements also exist in the second layer of 
the retina. 

There has been a great deal of discussion with regard to 
the presence or absence of connective-tissue elements in the 
cerebro-spinal centres. In the other ganglia, there has never 
been any doubt with regard to the presence of connective 
tissue in greater or less amount, and in the cerebro-spinal 
centres there can hardly be any question of the existence of 
an exceedingly delicate stroma, chiefly in the form of stel- 

1 ScHVLTZB, Sn Stricker, Manual of Human and Comparative Histology^ 
London, 1870, vol. I, p. 178, el eeq. 

' KoLLiKER, jSUmente (Thistohffie humaine^ Paris, 1868, p. 829. 

* LiTTBi n RoBur, DieUonnaire de nUdecine^ Paris, 1866, Article, My&oeytee, 
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late, branching cellsy serving, in a measure, to support the 
nervous elements. 

The blood-vessels of the nerve-centres form an exceed- 
ingly graceful capillary net-work with very large meshes. 
The gray substance is much richer in capillaries than the 
white. 

A remarkable peculiarity of the vascular arrangement in 
the cerebro-spinal centres has already been described in con- 
nection with the lymphatic system. The blood-vessels here 
are surrounded by what have been called perivascular canals, 
first described by Robin, and afterward shown by His and 
Eobin to be radicles of the lymphatic system.* 

Composition of the Nervous Suhstcmce. 

Our knowledge of the chemical constitution of the ner- 
vous system is, in many regards, quite imsatisfactory ; but 
these tissues contain certain elements that have been very 
well determined. The chemical characters of cholesterine, 
for example, have long been known to physiologists, as well 
as the fact that this principle is a constant constituent of the 
nervous substance, united in some way with the other proxi- 
mate principles, so that it does not appear in a crystalline 
form. Since we demonstrated, in 1862, the relations of 
cholesterine to the process of disassimilation, this principle 
has assumed its proper place as one of the most important 
of the products of physiological waste of the organism. The 
origin and function of cholesterine, with the processes for its 
extraction from the fluids and tissues of the body, have been 
fully considered under the head of excretion.' 

Regarding cholesterine as an excrementitious product, 
to be classed with principles destined simply to be elimi- 
nated from the organism, the nerve-substance proper has 
been found to contain the following proximate principles, 
the chemical properties of which have been more or less 

> See vol. ii., Absorption, p. 488. ' See vol ill, Excretion, p. 267, ei 9fq. 
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accurately determined ; viz., protagon, nenrine, fatty matters 
combined with phosphorus, and bases combined with peculiar 
fatty acids. 

Protagon. — This principle was discovered by Liebreich, 
and described in 1865.' Its formula is C„,H,„0^,P. It 
may be extracted by the following process : The cerebral 
substance is bruised in a mortar, and afterward shaken with 
water and ether in a closed 'wessel. The mixture is then ex- 
posed to a temperature of 32® Fahr., and the ethereal layer, 
containing cholesterine, is removed. The insoluble mass is 
then extracted with alcohol, 85 per cent., at 113®, is again 
filtered and exposed to a temperature of 32®. An abundant 
precipitate then separates, which is washed with ether and 
desiccated m vacuo. The protagon is thus obtained in the 
form of a white powder. Since this principle has been de- 
scribed in the brain-substance, a compound analogous to, if 
not identical with protagon, has been discovered by Her- 
mann in the blood-corpuscles.' In its general and chemical 
characters, protagon resembles the albuminoid proximate 
principles ; but it presents the remarkable difference, that 
the sulphur, which exists in many of the principles of this 
class, is replaced by phosphorus. 

Neurine. — This name has been applied to a rather indefi- 
nite principle supposed to represent the albimMnoid element 
of the nervous tissue ; but its characters as a proximate con- 
stituent of the nerve-substance have never been well deter- 
mined. Eobin and Verdeil place neurine among the proxi- 
mate principles of probable existence. According to thes^ 
authors, this is the organic substance of the brain, not soluble 

' LiKBRiiCH, Uiher die ehemUche BeBchaffenknt der GeMmnthsianx, — Armalm 
der Chemie und FharmaeU^ Leipzig und Heidelberg, 1865, Bd. cxxziy., S. 29, 
Hmq. 

* HiBMAHN, IMer da$ Vorhcmmm vwi Protagon im BhUe, — ArchM ftir 
pathologiMche Anaiomie und Phytklogie^ Berlin, 1866^ Sw 86, et 8eq, 
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in alcohol. When incinerated it does not leave a residue 
impregnated with phosphoric acid, like the cerebral fatty 
matter.' Accordmg to more recent investigations, particu- 
larly those of Liebreich, neurine is a derivative of protagon. 
The neurine of Liebreich is obtained by boiling protagon for 
twenty-four hours in baryta-water, when there is formed the 
phospho-glycerate of baryta, and a new base, neurine.* It is 
evident that this substance cannot properly be regarded as a 
wdl-determined proximate principle. 

We have abeady alluded to the experiments of Wurtz 
upon the synthesis of neurine." These observations are im- 
portant as a step toward the synthesis of organic nitrogen- 
ized principles, but they do not afford an example of the 
actual formation of a characteristic nitrogenized constituent 
of the nerve-tissue. They simply show that the chlorohy- 
drate of an artificial organic compound presents crystals 
identical with the chlorohydrate of neurine extracted from 
the brain.* 

Cerebrdl Fatty Principles. — ^Researches into the compo- 
sition of the fatty principles found in the nervous substance 
have been so indefinite and unsatisfactory in their results, 
that even now they possess but little physiological interest. 
In the earlier observations, the fats extracted from the nerve- 
tissue were generally combined with cholesterine. This sub- 
stance has now been isolated, and the residue contains a 
variety of principles, which seem, imder physiological condi- 

' Robin et Vkrdeil, TraiU de ehimie anatomique^ Paris, 1858, tome iii., 
p. 461. 

* LiSBREiCH, loc. ciL ; and, Journal de CaruUomie, Paris, 1866, tome iiL, p. 664. 

* See ToL iii.. Excretion, p. 196, foot-note. 

^ WuBTZ, Sur VidentiU de la nevrine ardficieUe avee la nevrine naiureUe. — 
Comptee rendue^ Paris, 1868, tome Ixvi, p. 7Y2, el eeq, Wurtz obtained neorine 
by the reaction of trymethylamine upon monocblorobjdric glycol He found 
tbat the chlorohydrate of trymetbyloxethylammonium was identical with ^e 
chlorohydrate of neurine prepared with neurine from the brain. By neurine, 
Wurtz undoubtedly means the principle described under that name by Liebreich. 
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tions, to be intimately tmited with the nitrogenized substance, 
presenting one of the exceptions to the general law that fats 
exist in the body, nncombined, except with each other. In 
this mass of fSatty matter, we can determine the presence of 
oleine, margarine, and stearine ; but these are combined with 
other fats^ fatty acids,* etc., the remarkable peculiarity of most 
of which is, that they contain a certain proportion of phos- 
phorus. These peculiar principles have received a variety 
of names, as they have been described more or less minutely 
by different observers, such as cerebrine, white and red 
phosphorized fat, lecithene, cerebric acid, and cerebrate of 
soda. The application of most of these names is very indefi- 
nite, and when we say that the substances are, in greatest 
part, peculiar to the nervous tissue, and that they contain 
phosphorus, we have stated about all that is physiologically 
important. Lecithene is a neutral phosphorized fat, proba- 
bly composed of a number of different fatty principles, which 
exists, not only in the nervous substance, but in the blood, 
bile,* and the yolk of egg.* Its chemical history has no 
physiological interest. The same may be said of cerebric 
acid, the cerebrate of soda, oleo-phosphoric acid and its com- 
pounds with soda and lime. 

Corpora Amylacea. — ^Little rounded or ovoid bodies, about 
Y^ of an inch in diameter, have been described by Vir- 
chow4uid others' as existing normally in the corpora striata, 
the medulla oblongata, and some other portions of the 
cerebro-spinal system. With regard to the actual compo- 
sition of these bodies, there is considerable difference of 
opinion. Virchow and many others regard them as identi- 
cal with starch, the granules of which they certainly resemble 
very closely, being of the same shape, with borders well 

> See ToL ill, Excretion, p. 262. 

* LiTTRi n Robin, JHctiormaire de midecine, PariB, 1865, Article, LScUhens. 

* ViBCHOW, CeUuiar Paiholoffy, Philadelphia, 1868, p. 820. 
DiLTON, Human PhyMogy^ Philadelphia, 186Y, p. 66. 
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defined, frequently presenting concentric laminae and a hilnm. 
When carefully treated, first with a solution of iodine and then 
with a little sulphuric acid, they assume a blue color. Some 
observers consider them as analogous to cellulose, others have 
supposed that ihey are formed of cholesterine, and others 
regard them as nitrogenized bodies, ' These points are of 
purely anatomical interest, and the physiological relations 
of these bodies are not known. 

BegeneraUon of ihe Nervous Tissue. 

We do not propose to discuss fully the question of the 
regeneration of nerves after section or even excision of a 
portion of their substance, though it is one of great patho- 
logical interest ; but in this connection will refer to some 
experiments recently made, in which it appears that it is pos- 
. sible for certain of the most important of the nerve-centres 
to be regenerated and their function restored after extir- 
pation. 

With regard to the simple reunion of nerves after division 
or excision, it has long been known that this takes place in 
the human subject and in the inferior animals, with restora- 
tion of function.' The new tissue connecting the divided 
extremities of the nerve seems to pass through the regular 
stages of development obsei*ved in the nerve-tissue of the 
embryon, the gelatinous fibres, or the fibres of Remak, first 
appearing, and these being subsequently developed into true 
nerve-tubes. In this process there is not a cicatrix, as in 
the skin or muscular tissue, but a development of new ele- 
ments possessing the anatomical and physiological charac- 
ters of the original structure. 

' ViRCfHOW, loc cii, 

LmtLk ET Robin, DicUotmaire de mSdeHne^ ParU, 1865, Article, Cbr- 

pu$de, 

* Latxrak, Recherchea exphimeniaUt tur la Hginhratum des nerftf Thite, 
Strasbourg, 1867. This memoir contains an elaborate review of the earlier ex* 
periments upon the regeneration of nerv'es, with some original obsenrations of 
much interest 
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The fact of the speedy and complete reunion of divided 
nerves has been taken advantage of by physiologists in 
experiments upon nerves of different functions. Many years 
ago, Flourens divided two mixed nerves, the trunks of which 
were near each other, and crossed them, connecting the central 
end of the one with the peripheral end of the other, jand vioe 
versa. Beunion of the extremities thus attached took place, 
and the functions of the paralyzed parts were restored. The 
communication through both nerves was restored and corre- 
sponded to the artificial crossing of the nerves. In these 
experiments there was complete reunion of the extremities 
of different nerves possessing the same general properties. 
Flourens then attempted to produce, in the same way, an 
anatomical and physiological reunion between the divided 
extremities of neryes of different properties, as the pneumo- 
gastric and the fifth cervical. . At the end of three months 
the anatomical reunion was found complete; but on dividing 
the other pneumogastric, to ascertain if the function of the 
first had been restored, the animal manifested the symptoms 
that follow division of both pneumogastrics, and died in two 
days.' These experiments Jiave lately been repeated and 
extended by Gluge and Thiemesse,' Philipeaux and Vul- 
pian,* and others, with more definite results. Gluge and 
Thiemesse, Schiff,* and Landry* failed to observe restoration 

^ Flourens, Beeherchet expknmeniakB mr la propriktU et lea fonetioM du 
^fdimsTMrvetix^ Paris, 1S42, p. 266, ei nq, 

* Gluoe et Thiermessb, 8ur la rhinion da fbra nervema tensihlea avec Um 
fhra nu>trice8,^^oumal de la phyaiologiey Paris, 1869, tome ii., p. 686, d teq, 

* Philipeaux it Y ulpun. Note aur des exphrieneea dhnonirant que dee nerfe 
siparh dee ceniree nerveux peuvent^ apr^ e^itre aUirU eomplitementy ee rkghUrer 
ioui en, demeurant isolie de ce$ eeniree^ et recouvr^ leure propriefis plit/siologiquee, 
^-^oumat de la phyaioHogie^ Paris, 1860, tomelii., p. 214 ; Recherehee expkrimeti- 
ialeeeur la riunion bout d bout de nerfe de/oncHom diffirente, — n>id., 1868, tome 
tI, p. 421, et eeq.y and p. 474, et aeq. 

* Schiff, Jiemarquee eur lee exphietusee de MM, FkUipeavx d Vvifian eur la 
riginiration dee nerfe, — JoumaX de laphyeiologie, Paris, 1860, tome iii., p. 21 Y. 

' Landbt, BkfiexUme eur lee exphiencee de MM, FMlipeaux d Vulpian, rda- 
twee d la rigMraOon dee nerfe, — ^Ibid., p. 218. 
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of the fimction of nerves of different properties that became 
reunited after division. The experiments upon this point 
by Gluge and Thiemesse were the most extended, and were 
made upon the lingual branch of the fifth pair and the sub- 
lingual. In from three to six weeks, the central end of the 
sensitive nerve became firmly imited with the peripheral end 
of the motor nerve, but the physiological union was in no 
case observed, except in one experiment in which the central 
end of the sublingual was involved in the reunion.* This 
conclusion was arrived at after a failure to obtain move- 
ments in the tongue by stimulating the lingual branch of the 
fifth above the point of union. 

It is evident that these experiments must have an impor- 
tant bearing upon our theories concerning the mode of con- 
duction of motor stimulus and sensitive impressions by the 
different nerves, and they will be referred to again in con- 
nection with that part of our subject. At present we can 
only refer to the positive results obtained by Philipeaux and 
Vulpian, which are in opposition to the negative experi- 
ments of the observers cited above. These physiologists 
succeeded in uniting, in dogs, the central end of the pnexmio- 
gastric with the peripheral end of the sublingual, and the 
central end of the lingual branch of the fifth with the periph- 
eral end of the sublingual, all of the nerves being divided, 
and, in the case of the sublingual and the lingual branch of 
the fifth, the central end of the motor nerve being torn out. 
In these experiments, on exposing the nerves four or five 
months after the first operation, irritation applied to the 
sublingual below the point of union produced pain, and a 
stimulus applied to the lingual branch of the fifth above the 
point of union excited ftiovements of the tongue, even after 
dividing the nerve above and separating it from the centres, 
so that it was impossible for any reflex movements to take 
place.' These facts show that not only does union take 

> Gluoe n Thiermessk, loc cit, p. 695. 

* See the memoin by Philipeaux and Vitlpian, already cited from tlie 
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place in nerves after division, and between the divided ex- 
tremities of two different nerves having the same properties, 
but that the divided extremity of a motor nerve may be made 
to form an anatomical and physiological union with the 
divided extremity of a nerve of sensation, and that both 
motor and sensitive currents may be conducted through the 
fibres at the point of union. 

The only remaining point of physiological interest con- 
nected with the regeneration of the nervous tissue is in- 
volved in the recent observations of Voit on the regeneration 
of the cerebral lobes after removal in a pigeon, and those of 
Masins and Vanlair upon the anatomical and functional re- 
generation of the spinal cord in frogs. 

The experiments recorded by Voit, and his deductions, 
are very curious, and have given rise to a great deal of com- 
ment and criticism. In one observation, the cerebral lobes 
were removed from a young pigeon in the usual way, an 
operation very easily performed, and one which we practise 
yearly as a class-demonstration. It is particularly stated that 
the operation was complete, and that the entire posterior 
lobes were removed. Immediately after the operation, the 
pigeon presented the condition of stupor ordinarily observed. 
As he gradually recovered from this condition, he began to 
execute a number of mechanical movements, which it is un- 
necessary to detail fully, in the most extraordinary manner. 
Tlie animal continued to improve, ceased the mechanical 
movements, and began to fly about, exhibiting timidity when 
approached, and, in short, seemed, after a time, to have quite 
or nearly returned to the normal condition. One thing, 
however, was remarked : the animal never took food (it was 
probably kept alive by stuffing, as is frequently done in such 
experiments). After five months, the pigeon was killed. 
The cranial cavity was found to be filled with a white mass, 
occupying the place from which the cerebrum had been re- 

Jcumal de la phytiologU; and, Yulpiin, Lefons mr la physhlogie geniraU d 
eomparfe du ttftUme nerveuxj PariB, 1866, p. 280, ei seq. 
106 
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moved. This mass liad the consistence of the white snbstance 
of the brain, and presented a perfect continuity with the 
cerebral peduncles, which had not been removed. It had 
the form of the two hemispheres, presenting a cavity filled 
with liquid and a septum. The whole mass consisted of per- 
fect primitive fibres of double contour, and, in their meshes, 
ganglionic cells.* 

This observation is certainly one of the most remarkable 
on record, and, from the extraordinary character of its 
results, would hardly be accepted for a moment, but for the 
established reputation of Prof. Voit. As it is, such an ob- 
servation demands full confirmation. It is well known to all 
who have been in the habit of removing the cerebral lobes, 
that it is absolutely necessary to remove every portion of 
their substance, in order to obtain uniform results, and that 
this is accomplished sometimes with considerable diflSculty. 
In demonstrations to a medical class, we have frequently 
verified this fact, and have observed recovery, more or less 
complete, when but a small portion of the posterior lobes 
escaped. This criticism upon the remarkable observation 
just detailed is made by Vulpian,* and its pertinence will be 
recognized by every practical physiologist. "We have only 
to study the experiments first made by Flourens, to learn 
how, in the lower animals, a part of one of the great central 
ganglia may gradually assume the function of the whole, after 
this function has been interrupted by the first mutilation." 

'We have cited the essential points in this observation 
because it has been so extensively commented upon by 
physiologists, but it is far from establishing the principle 
that a great nervous centre, like the cerebrum, may be ana- 
tbmicaUy and functionally regenerated after extirpation. 

* C. Voit, PhSnomhiea qui ndverU Vahlation des himisph^res du cerveau chet 
lea pigeons (AeadSmie des Sciences de Munich), iraduU de Vcdlemandpar le Dr. 
Rabuteau. — Revue dea court scieniifiquety Paris, 1869, tome vi., p. 266. 

• Vdlpian, Archives de physiologies Paris, 1869, tome ii., p. S02. 

' Flourens, Recherehes experimentales sur les proprUUs et lesfonctions du sys* 
time nerveuz, Paris, 1842, p. 100. 
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The general results of the experiments of Masius and 
Vanlair upon the regeneration of parts of the spinal cord 
in frogs, after loss of a small portion of its substance, show 
that such reparation may take place and is attended with 
restoration of function. The formation of cells precedes the 
development of fibres, and voluntary motion appears in the 
parts situated below the lesion, before sensation.* There are 
no instances on record of such regeneration in the human 
subject or in the warm-blooded animals. 

' Kasius et Yanlair, Hecherches experimeniales tur la rSgSnSroHon analo- 
mique et fonetionndle de la moeUe ipinh-e, Brozelles, 1870. 
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CHAPTER n. 

MOTOR AND BEN80BY NERVES. 

Distinct seat of the motor and sensory properties of the spinal nenres — Specu- 
lations of Alexander Walker — ^Yiews of Sir Charles Bell regarding the func- 
tions of the anterior and posterior roots of the spinal nenres — ^Experiments 
of Magendie on the roots of the spinal nerves — ^Properties of the posterior 
roots of the spinal nerves — ^Influence of the ganglia upon the nutrition of 
the posterior roots — Properties of the anterior roots of the spinal nerves — 
Recurrent sensibility — ^Mode of action of the motor nerves — ^Associated 
movements — Mode of action of the sensory nerves — Sensation in amputated 
members. 

The physiological property of nerves which enables them 
to conduct to and from the centres the impressions, stimulus, 
force, or whatever the imponderable nervous agent may be, 
is one inherent in the tissue itself, belonging to no other 
structure, and is dependent for its continuance upon proper 
conditions of nutrition. So long as the nerves maintain these 
conditions, they retain this characteristic phy^ological prop- 
erty, which is generally known under the name of irritability. 

Aside from the special senses, the sense of temperature, 
and of weight, it is known to every one that through the 
nerves we appreciate what are called ordinary sensations, 
and are enabled to execute voluntary movements. If a 
nerve distributed to a part endowed with sensation and the 
power of motion be divided, both of these properties are 
lost, and can only be regained through a reunion of the di- 
vided nerve. Again, it is equally well known that if such 
a nerve be exposed in its course and irritated, violent move- 
ments take place in the muscles to which it is distributed, 
and pain is appreciated, referred to parts supplied from the 
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same source. These facts, which were ftdly appreciated by 
the ancients, show that the general system of nerves is 
endowed with motor and sensory properties, the question 
being simply whether these be inherent in the same fibres 
or belong to fibres physiologically distinct and derived from 
different parts of the central system. This question, which 
was solved only about half a century ago, will be the first 
to engage our attention. 

* IHstirict Sea^ of tJie Motor and Sensory Property 
Sjpindl Nerves. — ^All of the nerves that take their origin 
from the spinal cord are endowed with motor and sensory 
properties. . These nerves supply the whole body, except 
the head and other parts receiving branches from the cranial 
nerves. They arise by thirty-one pairs from the sides of the 
spinal cord, and each nerve has an anterior and a posterior 
root. The anatomical differences between the two roots are 
that the anterior is the smaller, and has no ganglion. The 
larger, posterior root presents a ganglionic enlargement in the 
intervertebral foramen. Just beyond the ganglion, the two 
roots coalesce and form a single trunk. The nerve-fibres in 
the two roots are not of the same size, the anterior fibres 
measuring on an average about one-fourth more than the 
posterior fibres.' The structure of the ganglia of the poste- 
rior roots has akeady been considered sufficiently in detail." 
It would be unprofitable to discuss the vague ideas of the 
older anatomists and physiologists with regard to the proper- 
ties of the roots of the spinal nerves, and we can date our in- 
formation upon this point from the suggestion of Alexander 
Walker, in 1809, that one of these roots was for sensation 
alone and the other for motion.' It is most remarkable, 
however, tk^t "Walker, from purely theoretical considera- 

> EOlliker, £lemenit cThisioloffie humaine^ Paris, 1868, p. 389. 

* See page 61. 

• Walkeb, New Anatomy and Phytioloffy of the Brain in particular and of 
the Nervcui Syttem in general. — Archives of Uhivertal Science^ Bdinburgh, 1809, 
▼ol ill, pp. 178, 174. 
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tions, should have stated that the posterior roots were motor 
and the anterior roots sensory, precisely the reverse of the 
truth, and should have advanced this view in a publication 
as late as 1844/ In the work alluded to, which contains 
some . of the most extraordinary pseudo-scientific vagaries 
ever published, it is curious to see how near "Walker came to 
the greatest discovery in physiology since the description of 
the circulation of the blood. He gives an account of an ex- 
periment as follows : " On opening the spinal canal of a 
frog, accordingly, and performing the only operation on a 
living animal which he ever has performed, or ever will per- 
form, he found that, in perfect conformity with previous 
reasoning, irritation of the anterior roots caused motion, 
and irritation of the posterior roots caused little or none." * 
Now, it does not appear in the work from which this quota- 
tion is made at what time this experiment was performed ; 
and we have not been able to ascertain that it was done be- 
fore 1811 ; but, correctly interpreted, this observation had 
been almost the great discovery. To conclude our review 
of the claims of Walker, there can be no doubt of the fact 
that he was the first to distinctly assign motion and sensa- 
tion to the different roots of the spinal nerves, though he 
incorrectly ascribed motor properties to the posterior roots 
and sensory properties to the anterior, and brought forward 
not one iota of proof in support of his theories. 

The claims of Mayo to the discovery of the distinct 
properties of the roots x)f the spinal nerves are very indefi- 
nite. He simply states, long after tlie publication of the 
experiments of Magendie, that the "remarkable analogy 
which exists between the fifth nerve and the spinal nerves 

* Walker, Tlie Nervous Si^teniy anatomical and physiological : in which the 
functions of the various parts of the brain are foi* the first time assigned, and to 
which is prefixed some account of the cntthor^s earliest discoveries, of which the 
more recent doctrine of Bell, Magendie, etc,, is shown to.be at once a plagiarism, an 
inversion, and a blunder, associated with useless experiments, wfuch they luive fMi- 
ther understood nor explained, London, 1844, p. 50, et seq, 

* Walker, op, cit., p. 18. 
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icd me to suppose that the two roots of the spinal nerves 
had the same discrepancy of function with the two roots of 
the fifth ; and that the ganglionic portion might belong to 
sensation, the smaller anterior portion to volition." * 

As we shall see farther on, all discussion relative to pri- 
ority in the discovery of the true functions of the roots of the 
nerves is confined to the claims of Bell and of Magendie. The 
experiments of Miiller " and others were made after 1822, the 
date of the first publication of the experiments of Magendie. 

In nearly every treatise on physiology published since 
1822, and in almost all works on the nervous system subse- 
quent to that date, the great discovery of the distinct seat 
of motion and sensation in the spinal nerves is n scribed to 
Sir Charles Bell. The name of Magendie is seldom men- 
tioned in this . connection, even in France ; and his discov- 
eries are supposed to relate chiefly to the scat of sensation 
and motion in the different columns of the spinal cord. 

It is unnecessary to enlarge upon the importance of the 
discovery that the anterior roots of the spinal nerves are 
motor, and the posterior, sensory, and tliat the union of these 
two roots in the mixed nerves gives them their double 
properties, for we can hardly imagine a physiology of the 
cerebro-spinal nervous system without this fact as the starting- 
point ; and we have entered, rather more elaborately than 
usual, into an historical review of this discovery, from the 
feet that nearly all writers have ascribed it to Sir Charles 
Bell, and have ignored the claims of Magendie, the real dis- 
coverer. In an article published in English, in October, 
1868," and in French, during the same year,* we have given 

' Mayo, Oudinet of Human Phytioloffif, London, 1827, p. 240. 

* MtLLER, Physioloffie du systhne nerveux, Paris, 1840, tome i., p. 85, et aeq. ; 
and, Manuel de phytidogie^ Pari?, 1851, tome I, p. 598, H seq. The experiments 
of Mailer were first published in 1831. 

* Flint, Jr., Historical Considerations concerning the Properties of the Boots 
of the Spinal Nerves. — Quarterly Journal of Psychological Medicine^ New York, 
1868, Yol ii., p. 626, et seq, 

* Journal de Vanatomie^ Paris, 1868, tome v^ p. 520, et seq,^ and p. 575, et seq. 
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an elaborate review of the whole subject, being prompted to 
do so by the perusal of what purported to be an exact reprint 
of the original pamphlet by Charles Bell/ This pamphlet 
was printed for private circulation in 1811, and was never 
published. It has been entirely inaccessible, and its con- 
tents were only to be divined by references and quotations 
in the subsequent writings of Sir Charles Bell and of his 
brother-in-law, Mr. Shaw. 

Physiological literature does not present another instance 
of the merit of a great discovery resting upon references to 
an unpublished pamphlet, which no student could possibly 
consult in the original, none of these references, upon close 
analysis, proving to be entirely distinct and satisfactory. It 
is not to be wondered at, therefore, that in our study of the 
origin of one of the greatest discoveries of all ages, a reprint 
of the original memoir should be examined with the most 
critical care. That this reprint was correct, seemed probable 
from a compaiison of its text with the quotations from 
the original to be found in the writings of Sir Charles BeU 
and Mr. Shaw, and from the testimony of reviewers who 
claimed to have compared it with the original.* Within a 
short time, however, an authorized reprint in fiiU, from a 
manuscript in the hands of the widow of the author, has ap-. 
paared in the Journal of Anatomy.^ This reprint corre- 
sponds exactly with the text in the ^'Documents a/ad DaieaP 

When the only reprint of the celebrated pamphlet of Sir 
Charles Bell was itself excessively rare, as is the case with 
the ^^ DocmaenU and Dates^^ we thought it desirable to 
make long quotations to show the ideas entertained by 

* Documents and Bates of Modem Discoveries in the Nervous System, London, 
Jolm Churchill, 1889, p. ^1, et seq. 

* The London Medical and Physical Journal, 1829, vol Ixii., p. 525, and vol 
IxiiL, p. 40. The British and Foreign Medico- Chirurgical Review, London, 1840, 
ToL ix., p. 98. 

* Eeprint of the " Idea of a new Anatomy of the Brain ; submitted for the 
Observations of his Friends," by Charles Bell, F. R. S. E. — Journal of Anatomy 
imd Physioloffy^ Cambridge and London, 1869, vol. iil, p. 147, et seq. 
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Bell regarding the properties of the two roots of the spinal 
nerves ; but now that an authorized reprint can be so readily 
consulted, it is only necessary to refer to this to show that 
Bell did not at that, time regard the anterior roots as motor 
and the posterior roots as sensory, but that he thought that 
the anterior roots were for both motion and sensation and 
the posterior roots presided over " the secret operations of 
the bodily frame, or the connections which unite the parts 
of the body into a system." * 

All the credit which we have to give to Sir Charles Bell 
for advances in the anatomy and physiology of the spinal 
nerves must cease with the review of the pamphlet of 1811. 
In a memoir on the nerves of the head, read before the 
Koyal Society, July 12, 1821, more than a year before the 
publication of the experiments of Magendie, there is no mjen- 
tion of distinct motor and sensitive roots of the spinal nerves, 
nor of distinct properties in different portions of the spinal 
cord. This paper was republished by Bell, after the pub- 
lication of Magendie's observations, in a work on the nervous 
system ; and it is this republication which is most accessible 
and most frequently referred to by physiological writers. 
The republication avowedly contains " some additional ex- 
planations ; " but a careful comparison of it with the original 
shows that every portion of it that was susceptible of such 
verbal alteration had been modified to make it correspond 
with the discovery by Magendie. But, at the same time, the 
impression received by the reader is, that it is essentially the 
same as the memoir published in 1821." In the controver- 
sial condition of the question at the time of this republication, 
the alterations and " additional explanations " ought certainly 

* In a paper read before the MedicorChirurgical Society, in April, 1822, Mr. 
J. Sliaw giYCB the date of the first paper by Charles Bell, as 1809. This error is 
qnoled into mnnj reviews and other publications, but it has been corrected by 
Bell himself^ and by Mr. A. Shaw. (Alexander Shaw, Narrative of the Diteov^ 
eriet of Sir Charles Bell in the Nervoue System, London, 1830, p. 14.) 

' Chables Bell, TJie Nervous System of the Human Body, London, 1844, pw 
n elseq. 
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to have been distinctly indicated in the text ; but in a reprint 
of the paper of 1821, in 1830, there is no indication to the 
reader that any change had been made from the original, 
though every expression bearing upon the question is made 
to correspond with the information derived from the discov- 
eries of Magendie.' This is a subject which we have no 
desire to pursue farther than is necessary to vindicate the 

> Charles Bbll, The Nervous System of the Human Body, embracing the 
Papers delivered to the Royal Society on the Subject of the Nerves^ London, 1880, 
p. 56, et seq. 

. In the appendix to the work on the Nervous System, published in 1 844, 
the claim to the discovery of the-distinct functions of the anterior and posterior 
roots of the spinal nerves is distinctly made by Sir Charles Bell, who refers to 
the experiments detidled in the pamphlet of 1811. It will be seen by the fol- 
lowing extract, as compared with the extracts which we have made from the 
pamphlet, that the statements by Sir Charles Bell as to what was contained in 
this pamphlet are incorrect and calculated to convey an erroneous idea with 
regard to the nature of the observations, printed in 1811, but inaccessible, and 
of the deductions made at that time. 

** Long before this (1811) I wrote a little book, put it ioto the hands of my 
friends, and had it printed and distributed ; it contained (excuse me in saying it) 
this great principle — that a nerve, whatever its nature may be, cannot perform 
two functions at once ; it cannot convey sensation inward to the sensorium at 
the same moment that it carries outwaid a mandate of the will to the muscles, 
whether it be through the means of a fluid, or an ether, or a vibration, or what 
you will, that it performs its function. Two vibrations cannot run counter 
through the same fibre, and at the same instant ; two undulations cannot go in 
different directions through the same tube at the same moment ; and therefore I 
conceived that the nerves must be different in their kind. This led me to ex- 
periment upon the nerves of the spine ; for I said : *• Where shall I be able to find 
a nerve with the roots separated ? Where shall I be able to distinguish the 
properties of a compound nerve ? By experimenting upon the separate roots 
of the spinal nerves. ' So, then, taking a fine instrument, the point uf a needle, 
and drawing it first along one set of roots, and then along the other, I found 
that, as I touched one set — the anterior roots — it was like touching the key of 
a piano-forte, all the cords, as it were — the muscles — ^were in vibration ; and 
when I touched the other there was pain and struggling. That would not do ; 
the animal being alive to sensation, there was confusion here ; and therefore I 
struck the animal on the head, and then I made my experiments clearly ; by 
which it was shewn,, that the roots of these nerves were of different qualities, 
one obviously bestowing motion ; and, by inference, the other bestowing eenn^ 
hility'' {The Nervous System, etc., London, 1844, p. 285). 
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scientific record of the last-named physiologist ; and if the 
good taste of these allusions be called in question, we have 
only to ask that the review in the Psychological Jov/mal or 
in the Journal de VanaUyinie be consulted, knd that the 
comparisons there made be verified. The same criticisms of 
the alterations in the republished memoirs of Sir Charles 
Bell have been made by Vulpian/ Among English writers, 
the relative claims of Bell and Magendie have been correctly 
reviewed by a writer in the London Medical and Physical 
Journal^ in 1829,' and by Elliotson, in-1840." Bernard, who 
formerly ascribed the discovery to Bell, has lately recognized 
ftdly the claims of Magendie.* 

The first publications of Magendie concerning the anat- 
omy and the functions of difierent portions of the nei'vous 
system appeared in the Joumcil de physiologic^ in 1821. In 
the first volume of this journal, is a notice of the researches 
of Charles Bell on the nerves of the face, with an account 
of the observations of Mr. Shaw on the same subject.* Ma- 
gendie here states that he repeated the experiments of Bell 
with MM. Shaw and Dupuy at Alfort.* He had not at that 
time received the memoir of Bell ; but in a succeeding num- 

' VuLPUK, Z«fon« tur la phymologie gentrale et con^paree du tytUme nerveuz, 
PaiiB, 1866, pp. 109 and 127. 

• The London Medical and Phytkal Journal, 1829, vol. Ixil, p. 632. 

• Elliotson, Human Phytidlogy, London, 1840, p. 465. 

^ Bkhnaed, Zefons mr la phytidogie et la pathologie du systhne nerveuXy 
Paris, 1858, tome i., p. 20, el seq. Even Bernard, a pupil, and for a long time 
the priparaleur for Magendie, at one time seemed to regard Sir Charles Bell as 
the discoverer of the functions of the roots of the spinal nerves (ibid., p. 25 ; and. 
Lemons tur U» effeU dee eubeiances ioxiquee et medicamenteueeSy Pans, 185*7, p., 
20) ; in a late work, however, in which this whole subject is reviewed, the claims 
of Magendie to the discovery are fully recognized (Bkrnard, Kapport mr le pro- 
grh el la marche de la physiologie ghihrale en Franee, Paris, 1867, pp. 12 and 
154). Bernard states that he was unable to obtain the original memoir of Bell, 
printed in 1811, but finally procured an exact copy, which is probably the reprint 
of 1839. (Ibid., p. 165.) 

' Charles Bell, Recherehee anatomigues et physiologiq^ ewr U wyethne 
%erveux, — Journal de phyeiologie, Paris, 1821, tome i., p. 884, et eeq, 

• Loc, dty p. 887. 
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ber of the journal, he gives a full analysis of it/ In this 
number, also, he speaks of having repeated the experiments. 
In the same journal, follows a translation of the experiments 
of Mr. Shaw." In none of these publications is there any 
allusion to the properties of the anterior and posterior roots 
of the spinal nerves, nor is there any evidence that either 
Bell, Shaw, or Magendie knew any thing about the distinct 
seat of motion and sensation in the spinal cord and the spi- 
nal nerves.* 

In August, 1822, Magendie published his first experi- 
ments on the functions of the roots of the nerves.* Unlike 
any of the observations made by Charles Bell on the spi- 
nal nerves, these were made upon living animals. The spi- 
nal canal was opened, and the cord, with the roots of the 
nerves, exposed. The posterior roots of the lumbar and sacral 
nerves were then divided upon one side and the wound united 
with sutures. The result of this observation was as follows : 

" I thought at first that the limb corresponding to the 
divided nerves was entirely paralyzed ; it was insensible to 
pricking and to the most severe pinching, it also appeared 
to me to be motionless ; but soon, to my great surprise, I 
saw it move in a very marked manner, although the sensi- 
bility was still entirely extinct. A second, a third experi- 
ment, gave me exactly the same result ; I commenced to 
regard it as probable that the posterior roots of the spinal 
nerves might have functions different from the anterior roots, 
and that they were more particularly devoted to sensibility." * 

^ Bbll, SuUe de reeherches anaiomiqttes d phy9kiogiqu€$ tur le tydhne nervew^ 
^-Journal de physiologie^ Paris, 1822, tome il, p. 66, €t seq, 

* Shaw, Expkrxence^ tur le tyethne nerveux, Hxtrait et traduii de VAnglaU 
par M, Cairns, — Journal de phytklogiey Paris, 1822, tome ii., p. 77, el eeq, 

* In the same volume of the journal (p. 868), Magendie gives an account of 
Bell's observations on the respiratorj nerves of the chest, which were presented 
to the Royal Society, May 2, 1822. 

^ Magendie, ET^riencee tur le$ fonetioiu dee raeinee det nerfs ix^idiefu,-^ 
Toumal de physiohgie^ Paris, 1822, tome il, p. 276, H teq, 
» Ibid., p. 277. 
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The experiments in which the anterior roots were di- 
vided were no less striking : 

"As in the precedmg experiments, I only made the 
division npon one side, in order to have a term of compari- 
son. One can conceive with what curiosity I followed the 
effects of this division ; they were not at all doubtful, the 
limb was completely motionless and flaccid, while it pre- 
served a marked sensibility. Finally, that nothing should 
be neglected, I divided at the same time the anterior and 
the posterior roots ; then followed absolute loss of sensation 
and of motion." * 

From these experiments Magendie drew the following 
conclusions : 

" I am following out my researches, and will give a more 
detailed account of them in the following number ; it is suf- 
ficient for me to be able to announce at present as positive, 
that the anterior and the posterior roots of the nerves which 
arise from the spinal cord have different functions, that the 
posterior seem more particularly devoted to sensibility, 
while the anterior seem more especially connected with 
motion." * 

In the second note, published in the same volume of the 
Jouifial de jphysiologie^ Magendie exposed and irritated the 
two roots of the nerves, with the following results : 

" I commenced by examining in this regard the poste- 
rior roots, or the nerves of sensatiop. The following is the 
result which I observed : on pinching, pulling, or prickiug 
these roots, the animal manifested pain ; but this was not to 
be compared as regards intensity with that which was de- 
veloped if the spinal cord were touched, even lightly, at 
the point of origin of the roots. Nearly every time that 
the posterior roots were thus stimulated, contractions were 
produced in the muscles to which the nerves were distrib- 
uted; these contractions, however, are not well marked, 
and are infinitely more feeble than when the cord itself is 

> Ibid., p. 278. * Ibid., p. 279. 
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touched. When, at the same time, a bundle of the poste- 
rior root is cut, there is produced a movement in totality in 
the limb to which the bundle is distributed. 

" I repeated the same experiments on the anterior roots, 
and I obtained analogous results, but in an opposite sense ; 
for the contractions excited by the contusion, the pricking, 
etc.,. are very forcible, and even convulsive, while the signs 
of sensibility are hardly visible. These facts are, then, con- 
firmatory of those which I have annoimced ; only they seem 
to establish that sensation is not exclusively in the posterior 
roots, any more than motion in the anterior roots. Never- 
theless, a diflSculty may arise. When, in the preceding ex- 
periments, the roots had been cut, they were attached to the 
spinal cord. Might not the disturbance communicated to 
the cord be the real cause either of the contractions or of 
the pain which the animals experienced ? To remove this 
doubt, I repeated the experiments after having separated 
the roots from the cord ; and I must say that, except in two 
animals, in which I saw contractions when I pinched or 
pulled the anterior and posterior roots, in all the other in- 
stances I did not observe any sensible effect of irritation 
of the anterior or posterior roots thus separated from the 
cord." ' 

Magendie then goes on to say that, when he published 
the note in the preceding number of the journal, he sup- 
posed that he was the first who had thought of cutting the 
roots of the spinal nerves ; but he was soon undeceived by 
a letter from Mr. Shaw, who stated that Bell had divided the 
roots thirteen years before. Magendie afterward received 
from Mr. Shaw a copy of Bell's essay (" Idea of a New Anat- 
omy of the Brain "), and, as will be seen by the following 
extract, gave Bell full credit for all his observations : 

" It is seen by this quotation from a work which I could 
not be acquainted with, inasmuch as it had not been pub- 
lished, that Mr. Bell, led by his ingenious ideas concerning 

» n)id., p. 868. 
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the nervous system, was very near discovering the functions 
of the spinal roots ; still the fact that the anterior are de- 
voted to movement, while the posterior belong more par- 
ticularly to sensation, seems to have escaped him ; it is, 
then, to having established this fact in a positive manner 
that I must limit my pretensions." * 

Such are the experiments by which the properties of the 
roots of the spinal nerves were discovered. From that time, 
the feet took its place in science, that the posterior roots are 
for sensation and the anterior for motion. Some discussion 
has arisen as to whether the anterior roots do not possess a 
certain amount of sensibility, called recurrent sensibility, 
and this question has engaged the attention of physiologists 
within a few years ; but the distinct functions of the two 
roots have never been doubted. We have already seen what 
use Bell made of these facts in late editions of his work on 
the nervous system. Before the days of ansesthetics, expos- 
ing the roots of the nerves in the dog was very laborious, 
and painful to the animal, and the disturbances produced by 
so serious an operation interfered somewhat with the effects 
of irritation of the different roots. But now that the canal 
may be opened without pain to the animal, the experiments 
are much more satisfectory and have often been repeated by 
physiologists. We have frequently, indeed, demonstrated 
the properties of the roots of the nerves in public teaching.* 

Although, as we have seen, almost all physiologicixl 
writers, even in France, regarded Bell as the real discoverer, 
Magendie continued to claim that he first positively ascer- 
tained the seat of motion and sensation in the spinal nerves. 

> n)id., p. 871. 

• FuNT, Jb., EjcperimenU on the Recurrent Sensibility of the Anterior Roots 
of the Spinal Nerves, — Kew Orleans Medical Times, 1861, p. 21, e/ seq. 

At the time that this paper was written, we had not had an opportunity of 
oonsulting the original memoir of Sir Charles Bell, and, with others, regarded 
him as the discoyerer of the functions of the roots of the nerves. We have 
also had occasion to modify the views therein expressed concerning the recur- 
rent sensibility of the anterior roots. 
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In 1823, after reiterating his statements with regard to the 
nerves, he extended his researches to the cord itself, and de- 
monstrated that the anterior colunms were motor and the 
posterior columns sensitive.' In all his subsequent publica- 
tions the same statements are made.* 

Shaw, in his " Narrative," states that, in 1822, Magendie 
" admitted that the experiments on the roots of the spinal 
nerves, which he had claimed as original, had been performed 
many years before by Sir Charles Bell." ' This is not cor- 
rect ; and we have already quoted in full the passage in which 
Magendie gives Bell full credit for what he had done, but 
expressly states that the fact, that the anterior roots preside 
over movement, and the posterior, over sensation, seems to 
have escaped him. Shaw also quotes Desmoulins and Ma- 
gendie as admitting " that there is no absolute distinction 
between the ftmctions possessed by the two roots ; " * but, in 
doing this, he translates the expression into English incor- 
rectly. In the passage referred to, it is stated that " L'isolo- 
ment des deux propri6t6s dans chacun des deux ordres de ra- 
cincs, n'est done pas absolu," which simply means that the 
motor roots are not absolutely without sensibility, and the 
sensory roots are not absolutely devoid of motor properties. 

The experiments of Magendie, made in 1822, must stand 
without further question as the first to demonstrate the true 
properties of the two roots of the spinal nerves ; and, before 
the publication of these experiments, no physiologist had a 
correct idea, theoretical or experimental, of the seat of motion 
and sensation in these nerves. 

' Maokndib, Note wr U 9iege du mouvement el du sentiment dam U modU 
Spinere. — Journal de phyrioloffie, Paris, 1823, tome iil, p. 153, ei eeq. 

* DiSMOULiNS ET Maoendie, Anotomie des st/ethnes nervetix des animaux d ver- 
iebres, Paris, 1825, tome 11, p. 777. 

Maobndie, PrScis SlSmentaire de jihytiologU^ deuxi^me Edition, Paris, 1825, 
tome !., pp. 167, 216; et, quatridme Edition, 1836, tome i., pp. 200, 266. 

* Alexander Shaw, Narrative of the Discoveries of Sir Charles Bell in ihs 
Nervous SyMtem, London, 1889, p. 156. 

* Loe, cit, p. 168. 
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Pi*aperties of the Posterior Boots of the Spinal Nerves. — 
It is Tumecessary to follow out, from the date of the first 
experiments by Magendie to the present day, the observa- 
tions that have been made from time to time upon the prop- 
erties of the roots of the spinal nerves. For many years, the 
difficulties in operating upon animals high in the scale ren- 
dered confirmatory experiments somewhat unsatisfactory. 
The great German physiologist, J. Miiller, showed, in experi- 
ments made upon frogs, in 1831,* that uTitation of the pos- 
terior roots produced no convulsive movements ; but he de- 
spaired of operating satisfactorily upon warm-blooded animals. 
Magendie, in his later experiments,* and Longet, in experi- 
ments performed on dogs, published in 1841,* showed verj 
satisfactorily that the posterior roots were exclusively sen- 
sory, and this fact has been abundantly confirmed by more 
recent observations upon the higher classes of animals. We 
have ourselves frequently exposed and irritated the roots of 
the nerves in dogs in public demonstrations, in experiments 
upon the recurrent sensibility of the anterior roots,* and in 
another series of observations upon the properties of the 
spinal cord, which will be referred to hereafter. 

The remarkable anatomical peculiarity of the posterior 
roots, which they have in common with all of the exclusively 
sensitive nerves, is the presence of a ganglion. Wliile we 
have no distinct idea of the ftmction of these ganglia in con- 
nection with the transmission of impressions from the pe- 
riphery to the centres, it has been shown to have a remark- 

' MtLLEB, NiTUvdles €xperienc€9 sur Veffet que produU Virritatwn mechanigm 
d gcdffonique 8ur Us raeinea des nerfs spinaux. — Anncdes dea sciences natureUeSy 
Paris, 1831, tome xxiii., p. 100, ei seg, 

' Maokkdie, Lefons sur lesfcmctions et les maladies du systeme nerveux, Paris, 
1841, tome ii., p. 52, ei seq.^ quatrikme le^on, 8 mai, 1839. 

* Longet, Recherches patholoffiques et experimeniales sur les proprietes et les 
fonctions des/aisceaux de la modle epiuh-e et des racines des nerfs rac/tidiens. — 
Archives gSnSrales de nUdecine^ Paris, 1841, tome Ivi., p. 168, et seq, 

* Flint, Jb., Experiments on the Recurrent Sensibility of the Anterior Roots of 
the apind Nerves.— Neu) Orleans Medical Times, 1861, p. 21, d seq. 

lOfl 
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able influence upon the nutrition of the nerves after their 
division. Operating upon the second cervical nerves, in 
which the ganglia can be reached without exposing the spi- 
nal cord, Waller has demonstrated the following interesting 
facts : ' 

When the roots are divided between the ganglion and the 
cord, the central end of the anterior root, attached to the 
cord, preserves its normal structure, while the peripheral end 
in a few days becomes degenerated, the tubes filled with 
granular matter, etc., and, in short, undergoes those changes 
observed in all nerves separated from their centres. On the 
other hand, in the posterior roots, the end attached to the 
cord undergoes degeneration, and the peripheral end, the 
one to which the ganglion is attached, preserves its normal 
histological characters. From these experiments, which have 
been confirmed and somewhat extended by Bernard,* it is 
concluded that the ganglia of the posterior roots have an in- 
fluence over the nutrition of the sensitive nerves, in the same 
way as the centres influence the nutrition of the motor 
nerves which emanate from them. These points are inter- 
esting, as showing the existence of centres attached to the 
sensory system of nerves, which have, as far as we know, 
a purely trophic influence over the nerves, while the active 
centres to which the motor nerves are attached regukte, to 
a certain extent, the nutrition of the nerves, and also are 
capable of generating nerve-force. We do not Imow that the 
ganglia of the roots of sensitive nerves have any fiinction 
except as trophic centres. 

Projyerties of tJie Anterior Roots of the Spinal Nerves, — 
The same experiments that demonstrated that the posterior 
roots of the spinal nerves are sensitive showed that the ante- 
rior roots are motor. If the two roots be exposed in an 

* Waller, Compiei rendiUy Paris, 1867, tome xliv., p. 168. 

* Bernard, Leforu tur la physiologie et la pathologie du tysthne nerveux, 
Paris, 1858, tome l, p. 285, ei seq. 
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animal just killed, no convulsive movements are produced 
by stimulating the posterior roots ; but if the anterior roots 
be irritated, movements of the most violent character occur, 
confined to those muscles to which the filaments of the roots 
are distributed. There has never been any doubt upon this 
point since the experiments of Magendie ; and it is now uni- 
versally admitted by physiologists, that the motor properties 
of the mixed nerves are derived exclusively from their ante- 
rior roots of origin from the spinal cord. The question has 
arisen, however, whether the anterior roots be not also en- 
dowed with sensibility, notably less in degree than the poste- 
rior roots, but still marked and invariable. The sensibility 
observed in the anterior roots is abolished by section of the 
posterior roots ; and this property, which is thought to be 
derived from the posterior roots, has been called recurrent 
sensibility. 

Recurrent SenstbUMy. — ^We have seen, in reviewing the 
history of the discovery of the distinct function of the roots 
of the spinal nerves, that even in the earliest experiments by 
Magendie, it appeared that the anterior roots possessed sen- 
sibility in a certain degree, though it was insignificant as com- 
pared with the sensibility of the posterior roots. In his later 
experiments, Magendie formularized these facts, and an- 
nounced that the anterior roots were sensitive as well as 
motor, but less sensitive than the posterior roots, and that 
this sensibility was abolished when the posterior roots were 
divided.* Later still, he failed to demonstrate this sensibility 
of the anterior roots ; but it was finally shown that this oc- 
curred in animals exhausted from pain and loss of blood, and 
that the anterior roots were really sensitive imder normal 
conditions.' Longet claims to have discovered, in 1839, what 

^ Maqendis, Lemons sur les fonctiona et ies maladies du systhne nerveitx^ Paris, 
1841, tome u., pp. 63, 78, quatriime Ufon^ 3 mai, 1839, einquieme lefon^ 8 mai, 
1889. 

* Magendie, I^ote 8ur la tensibilite rkcurrenie; ExircUt de8 comptea nndua^ 
Paris, juin, 1847, tome xxiv., p. 8. 
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is now known as the recurrent sensibility oi the antenor 
roots, and to have communicated his views to Magendie ; ' 
but the publications on the subject and the testimony of 
Bernard,' who witnessed all the experiments in the labora- 
tory of the College of France, as well as the observations of 
Magendie, in 1822, leave no doubt that he was the first to 
note the sensibility of these roots. 

The experimental facts with regard to the recurrent sen- 
sibility are very simple. If the two roots of a spinal nerve 
be exposed, and if the animal be allowed to recover, by a 
few hours' repose, from the shock of the operation, irrita- 
tion of the posterior root will produce pain and the general 
movements incident to it, but no localized contractions of 
muscles; and irritation of the anterior root will produce 
contraction of certain muscles and a certain amount of pain, 
always less, however, than the pain resulting from stimula- 
tion of the posterior roots. If the anterior root be divided, 
the end attached to the cord will be found completely insen- 
sible, but the peripheral end will manifest the same sensibili- 
ty as the undivided root ; showing tliat the sensory proper- 
ties of the anterior roots are not derived from the cord. K 
the posterior root be divided, the sensibility of the anterior 
root is instantly abolished ; showing that the sensibility of 
the anterior root is recurrent, being derived from the poste- 
rior root through the periphery. With regard to these facts 
there can be no doubt, and we ourselves verified them in a 
series of experiments published in 1861.* Experiments have 
simply demonstrated the fact that the recurrent sensibility 
comes through the periphery, without actually showing any 
recurrent fibres ; and division of a mixed nerve after the 
nnion of the two roots deprives the anterior root of its sen- 

' LoNGET, Traite de physiologie^ Paris, 1869, tome iii., p. 115. 

* Bernard, Zefons mr la pfiydologie ei la pathologic du systhne nerveux, Paris, 
1868, tome L, p. 86. 

* Flint, Jr., ExperimenU on the Recurrent Sensibility of the Anterior Hoots of 
the Spinal Kerves. — New Orleans Medical Times^ 1861, p. 21, et seq. 
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sibility, showing that the recurrent fibres, if they exist, must 
turn back near the periphery.* 

The question now arises with regard to the exact mech- 
anism of recurrent sensibility. The explanation offered by 
Magendie and Bernard is, that there are actually fibres re- 
turning fi:x)m the posterior to the anterior roots ; that these 
fibres are, of course, sensitive, and that irritation of the an- 
terior roots is propagated toward the periphery, and returns 
to the centres through the posterior roots. This explanation 
satisfies all of the experimental conditions, and is further 
sustained by the microscopical examinations of Schiff, and 
of Philipeaux and Vulpian. It will be remembered that the 
ganglia of the posterior nerves, after division of these roots, 
have the remarkable power of preserving the anatomical 
integrity of the fibres to which they are attached. Now, 
it has been shown by Schiff that, after division of the pos- 
terior roots beyond the ganglia, the anterior roots contain 
altered fibres, which he believes come from the posterior 
roots, and give to these roots their sensibility. Philipeaux 
and Vulpian, in experiments on the regeneration of nerves, 
showed that the peripheral ends of the sublingual and facial 
nerves remained sensitive after division, and that after ten 
or fifteen days, in the midst of a great mass of degenerated 
fibres, were a few that possessed their normal characters.' 
The bearing of these facts will be better understood by re- 
ferring back to the experiments of Waller on the influence 
of the ganglia over the nutrition of sensitive nerves.' 

Dr. Brown-S6quard offers a different explanation of the 
pain developed upon irritation of the anterior roots. He 
believes this to be due entirely to cramp or convulsive con- . 
traction of the muscles.* This may be accepted, perhaps, as 

1 Bernard, SynUme nerveuxj Paris, 1858, tome L, p. 28. 

• Vulpian, Lefotu tur la physioloffie generate el comparee du tyti^me nerveux^ 
Paris, 1866, p. 150. 'See page 80. 

* Brown-Skqcard, Courte of Lectures on the Physiology and Pathology of th$ 
Central Kervcm System, Philadelphia, 1860, p. 8. 
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a partial explanation ; for there can be no doubt of the fact 
that violent muscular action, produced independently of vo- 
lition, is more or less painful ; but it does not explain the 
great sensibility sometimes observed when the muscukr 
contraction is comparatively feeble. There can be hardly 
any doubt that the explanation offered by Magendie, and 
sustained by the ingenious histological observations cited 
above, is in the main correct. 

Mode of Action of the Motor Serves. — Having estab- 
lished the anatomical distinction between the motor and 
sensory nerves, it becomes necessary to study the differences 
in the mode of action of these two kinds of nervous con- 
ductors. In the first place, it is evident, taking the nerves 
and their roots as we find them in the organism in a normal 
condition, that certain fibres act from the centres to the pe- 
riphery, conducting motor stimulus, while others act from 
the periphery to the centres, conducting sensory impres- 
sions; but within a few years, certain experiments have 
raised the question, whether sensory fibres may not be made 
to conduct the motor stimulus, and vice versa. The experi- 
ments to which we allude have already been referred to in 
connection with the regeneration of nerves ; * and they show 
that when a sensory and a motor branch, situated near 
enough together, be divided, and the peripheral extremity 
of one be connected with the central extremity of the other, 
after a time umon will take place, and the motor filaments 
will conduct sensory impressions, and the sensory filaments 
will conduct the motor stimulus. This is a most curious 
and interesting experimental fact; but it is no argument^ 
against the distinct seat of motion and sensation in the ner- 
vous system. 

As regards the motor nerves, the force, whatever it may 
be, generated in the centres, is conducted from the centres 
to the peripheral distribution of the nerves in the muscles, 

> See page 62. 
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and is here manifested by contraction. Their mode of ac- 
tion, therefore, is centrifugal. When these motor filaments 
are divided, the connection between the parts animated by 
them and the centre is interrupted, and motion in these 
parts, in obedience to the natural stimulus, becomes impossi- 
ble. But, while we cannot induce generation of nerve-force 
in the centres by the direct application of any agent to 
them, this force may be imitated by stimulation applied to 
the nerve itself. A nerve that will respond to direct stimu- 
lation is said to be excitable ; but this property does not ex- 
tend throughout the entire conducting motor system. For 
example, we shall see when we come to study the properties 
of the encephalon, that certain fasciculi capable of conduct- 
ing the motor stimulus from the centres to the muscles are 
not affected by direct stimulation, and seem to be inexcit- 
able. 

K a motor nerve be divided, galvanic, mechanical, or 
other stimulation applied to the extremity connected with 
the centres produces no effect; but the same stimulation 
applied to the extremity connected with the muscles is fol- 
lowed by contraction. The phenomena indicating that a 
nerve retains its physiological properties are always mani- 
fested at its peripheral distribution, and do not essentially 
vary when the nerve is stimulated at different points in its 
course. For example, stimulation of the anterior roots near 
the cord produces contraction in those muscles to which 
the fibres of these roots are distributed ;. but the same effect 
follows stimulation of the nerve going to these muscles in 
any part of its com'se. 

As far as their physiological action is concerned, the dif- 
ferent nerve-fibres are entirely independent, and the rela- 
tions which they bear to each other in the nervous fasciculi 
and in the so-called anastomoses of nerves involve simple 
contiguity. K we compare the nerve-force to galvanism, 
each individual fibre seems completely insulated ; and a stim- 
ulus conducted by it to muscles never extends to the adjacent 
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fibres. That it is the axis-cylinder which conducts and the 
medullary tube which insulates, it is impossible to say with 
positiveness ; but, as we have already seen, it is more than 
probable that the central band is the only conducting ele- 
ment. 

We have incidentally noted the fact that direct stimula- 
tion applied to the centres, even when the connection between 
these and the muscles is perfect, is incapable of inducing the 
generation of nerve-force ; but the generation of a motor 
stimulus may be induced by an impression made upon sen- 
sitive nerves and conveyed by them to the centres. If, for 
example, we isolate a certain portion of the central nervous 
system, as the spinal cord, and leave its connections with 
the motor and sensitive nerves intact, these phenomena may 
be readily observed : An impression made upon the sensi- 
tive nerves will be conveyed to the gray matter of the cord 
and will induce the generation of a motor stitoulus by the 
cells of this part, which will be conducted to the muscles , 
and give rise to contraction. As the stimulus, in such ob- 
servations, seems to be reflected from the cord through the 
motor nerves to the muscles, this action has been called 
reflex. These phenomena constitute an important division 
in the physiology of the nervous system, and will be fully 
considered by themselves. 

Associated Movements. — ^It is well known that the action 
of certain muscles is with diflSculty isolated by an efibrt of 
the will. This applies to sets of muscles on one side of the 
body and to corresponding muscles upon the two sides. 
For example, it is almost impossible, without great practice, 
to move some of the fingers, restraining the movements of 
the others ; and the action of certain sets of niusclcs of the 
extremities is always simultaneous. The toes, which are but 
little used as the foot is confined in the ordinary dress, are 
capable of very little independent action. It is difficult to 
move one eye without the other, or to make rapid rotary 
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movements of one hand, while an entirely different order of 
movements is executed by the other ; and instances of this 
kind might be multiplied. 

In studying these associated movements, the question 
arises as to how far they are due to the auatomical relations 
of the nerves to the centres and their connections with mus- 
cles, and how fiir they depend upon habit and exercise. We 
can imagine that there are certain sets of nerve-cells, con- 
nected with each other by commissural fibres and giving ori- 
gin to motor nerves distributed to sets of muscles ; an ana- 
tomical arrangement that might render a separate action of 
these cells impossible. The anatomy of the nerve-centres 
and their connection with fibres are so difficult of investiga- 
tion, that demonstrative proof of the existence of such sys- 
tems is impracticable ; but this affords a ready explanation 
of the feet that we cannot, as a rule, by an effort of the 
will, cause a portion only of a single muscle to contract ; yet 
some of the larger muscles receive an immense number of 
motor nerve-fibres which are probably connected with gray 
matter composed of numerous anastomosing cells. 

Many of the associated movements are capable of being 
influenced to a surprising degree by education, of which no 
better example can be found than in the case of skilful per- 
formers upon certain musical instruments, such as the piano, 
harp, violin, and other stringed instruments. In the tech- 
nical study of such instruments, not only does one hand be- 
come almost independent of the other, but very complex 
associated movements may be acquired. An accomplished 
pianist or violinist executes the different scales automati- 
cally by a single effort of the will, and frequently pianists 
execute at the same time scales with both hands, the action 
being entirely opposed to the natural association of move- 
ments. Feats of sleight of hand also show how wonderfully 
the muscles may be educated, and to what an extent the 
power of association and disassociation of movements may 
be acquired by long practice. 
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Looking at the associated movements in their relations 
to the mode of action of the motor nerves, it seems prob- 
able that, as a rule, the anatomical relations of the nerves 
are such that a motor stimulus, or an effort of the will, can- 
not be conducted to a portion only of a muscle, but must act 
upon the whole muscle, and the same is true, probably, of 
certain restricted sets of muscles ; but the association of 
movements of corresponding muscles upon the two sides 
of the body, with the exception, perhaps, of the muscles of 
the eyes, is due mainly to habit, and may be greatly modi- 
fied by education. 

Mode of Action of the Sensory Nerves. — The sensory 
nerve-fibres, like the fibres of the motor system, are en- 
tirely independent of each other in their action; and in 
the so-called anastomoses that take place between sensory 
nerves, the fibres assume no new relations, except as regards 
contiguity. 

As motor fibres convey to their peripheral distribution 
the stimulus engendered by an irritation applied in any por- 
tion of their course, so an impression made upon a sensitive 
nerve is always referred to the periphery. A familiar 
example of this is afforded by the very common accident of 
contusion of the ulnar nerve as it passes between the ole- 
cranon and the condyle of the humerus. This is attended 
with painftil tingling of the ring and little finger and other 
parts to which the filaments of this nerve are distributed, 
without, necessarily, any pain at the point of injury. More 
striking examples are afforded in neuralgic affections depend- 
ent upon disease or pressure on the trunk of a sensitive 
nerve. In such cases, excision of the nerve is often practised, 
but no permanent relief follows unless the section be made 
between the affected portion of the nerve and the nerve- 
centres ; and the pain produced by the disease is always re- 
ferred to the termination of the nerve, even after it has been 
divided between the seat of the disease and the periphery, 
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leaving the parts suppKed by the nerve insensible to direct 
irritation. In cases of disease it is not unusual to note great 
pain in parts of the skin that are insensible to direct impres- 
sions.* The explanation of this is, that the nerves are par- 
alyzed near their terminal distribution, so that an impres- 
sion made upon the skin cannot be conveyed to the senso- 
rium ; but that the trunks of the nerves still retain their 
conducting power and are the seat of diseased action, produ- 
cing pain, which is referred by the patient to the periphery. 

In multiplying examples showing the mode of action of 
the sensory nerves, we may refer to the sensations experi- 
enced after certain plastic operations. In the very common 
operation of restoring the nose by transplanting skin from 
the forehead, after the operation has been completed, the 
skin having been entirely separated and cicatrized in its new 
relations, the patient feels that the forehead is touched when 
the finger is applied to the artificial nose. After, a time, 
however, the sensorium becomes accustomed to the new 
arrangement of the parts, and this deceptive feeling disap- 
pears. 

There are certain curious nervous phenomena, that are 
not without physiological interest, presented in persons who 
have Buffered amputations. It has been long observed that 
after loss of a limb the sensation of the part remains and paiu 
is frequently experienced referred to the amputated member. 
Thus a patient will feel distinctly the fingers or toes after an 
arm or a leg has been removed, and irritation of the ends of 
the nerves at the stump produces sensations referred to the 
missing member. A few years since, we observed a very 
striking example of this in a soldier who had suffered ampu- 
tation of the leg. While this patient was walking about on 
crutches, before the stump had entirely healed, on getting up 
suddenly from his seat, he attempted to walk, and put the 
stump to the ground, producing considerable injury. His 
explanation was, that he felt the foot perfectly, and it was 

1 LoKOBT, TraUi de phyaioioffie, Paris, 1869, tome iii., p. 178. 
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necessary for him to be constantly on his guard to prevent 
such an accident. 

A very curious feet has been observed with regard to the 
imaginary presence of limbs after amputation, which we have 
had ample opportimities of verifying. After a time the 
sense of possession of the lost limb becomes blunted, and 
may, in some cases, entirely disappear. This may take place 
a few months after the amputation, or the sensations may 
remain in their full intensity for years. Examples are 
reported by Miiller where the sense was undiminished thir- 
teen, and, in one case, twenty years after amputation.* In 
a certain number of cases, however, the sense of the inter- 
mediate part is lost, the feeling in the hand or foot, as the 
case may be, remaining as distinct as ever, the impression 
being that the limb is gradually becoming shorter. These 
curious fects, noted by M. Gueniot,* show that the sense of 
the limb becoming shorter is observed in about half of the 
cases of amputation in which cicatrization goes on regu- 
larly ; and in these cases, the patient finally experiences a 
feeling as though the hand or foot were in direct contact 
with the stump. By careful inquiries among a large num- 
ber of patients in military hospitals, we have been enabled 
to verify these observations in the most satisfactory manner. 

* M&LLEB, Elements of Phynology^ London, 1840, vol i., p. 746. 

' GuENiOT, D'une haUueinaiion du toucher (ou hMerotopfiie subjective des exire 
miUs) particvlih'e a eeriaim amputes. — Jourrixd de la physiologies Paris, 1861, 
tome iv., p. 416, €^ seq. 
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GENERAL PK0PEETIE8 OF THE NERVES. 

Kerrous irritabilitj — Diifereut means employed for excitiog the nerves — ^Disap- 
pearance of the irritabllitj of the motor and sensory nerves after exsection 
— Nerve-force — ^Non-identity of nerve-force with electricity — ^Rapidity of 
nervous conduction — ^Estimation of the duration of acts involving the nerve- 
centres — ^Action of electricity upon the nerves — Contrasted action of the 
direct and the inverse current on closing and opening the circuit — Voltaic 
alternations — ^Induced muscular contraction — Galvanic current from the 
exterior to the cut surface of a nerve — Effects of a constant galvanic cur- 
rent upon the nervous irritability — ^Electrotonus, anelectrotonus, and cathe- 
lectrotonus — ^Neutral point — ^Negative variation. 

Numerous experiments have been made, especially upon 
the cerebro-spinal nerves, with regard to their action under 
different kinds of stimulation, the probable nature of the 
nervous agent, or nerve-force, the extent and duration of 
their excitability and sensibility, etc., which have developed 
facts of more or less physiological interest and importance. 
As far as the nerves of general sensibility are concerned, the 
phenomena of conduction of impressions are essentially the 
same in all, if we except certain variations in different 
nerves as regards the degree of sensibility. The motor 
nerves all respond in the same manner to stimulation ; and 
it is upon this portion of the nervous system that the most 
important observations have been made. This being the 
case, it is evident that the cerebro-spinal nerves, in their 
behavior under the experimental conditions above enumer- 
ated, possess certain general properties, and that the functions 
of special nerves are to be studied, after a full consideration 
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of these general properties, in connection with their anatom- 
ical distribution to the different organs in the economy. 

The points to be considered, aside frpm the simple divis- 
ion of the nerves into motor and sensory, are as follows : 

1. The conditions of excitability and sensibility of the 
nerves, or what is known as nervous irritability. 

2. The nature of the nervous agent, or the so-called 
nerve-force. 

3. Certain phenomena following the application of eleo- 
tricity to the nerves. 

Nervous IndtabUity. — We have already alluded in a 
general way to what is known as nervous irritability.* The 
term is used by physiologists to express the condition of 
nerves which enables them to respond to artificial stimula- 
tion, or to conduct the natural stunulus or external impres- 
sions. So long as a nerve retains this property it is said to 
be irritable. Of course, while in a normal condition and dur- 
ing life, irritability, as applied to nerves, simply means that 
these parts are capable of performing their peculiar functions ; 
but, after death, for a certain time the nerves will respond to 
artificial stimulation ; and it is to this property that the term 
" irritability " seems to be most applicable. At a certain 
time after death, varying in different classes of animals with 
the activity of their nutrition, the irritability of the nerves 
disappears. This occurs very soon in warm-blooded animals, 
but is later in animals lower in the scale, so that the latter 
present the most favorable conditions for experimentation. 
Most observations on nervous irritability, indeed, have been 
made upon frogs and other cold-blooded animals. Analo- 
gous facts have already been noted with regard to the mus- 
cular system, although, as we have seen, the irritability of 
the muscular tissue is entirely distinct from that of the 
nerves.' 

Immediately or soon after death, when the irritability of 
* See page 66. • See vol iiL, Movements, p. 464. 
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the nerves is at its maximum, they may be excited by me* 
chanical, chemical, or galvanic. stimulus, all of these agents 
producing contraction of the muscles to which the motor fila- 
ments are distributed. Mechanical irritation, simply pinch- 
ing a portion of the nerve, for example, produces a single 
muscular contraction ; but if the injury to the nerve be such 
as to disorganize its fibres, that portion of the nerve will 
no longer conduct a stimulus. Among the irritants of this 
kind, we may cite the extremes of heat and cold. If an ex- 
posed nerve be cauterized, a vigorous muscular contraction 
follows. The same effect, though less marked, may be pro- 
duced by the sudden application of intense cold. Among 
chemical reagents, there are some that excite the nerves and 
others which produce no effect ; but these are not important 
from a physiological point of view. Suffice it to say that 
mechanical irritation and the action of certain chemicals are 
capable of exciting the nerves ; but that when their action 
goes so far as to disorganize the fibres, the conducting power 
of these fibres is lost. While, however, irritation of the 
nerve above the point of injury has no effect, stimulation 
between this point and the muscles is still followed by con- 
traction. 

The most convenient method of exciting the nerves in 
physiological experiments is by means of electricity, a stimu- 
lus more closely resembling the nerve-force than any other, 
and one which may be employed without disorganizing the 
nerve-tissue, and consequently admits of extended and re- 
peated application. The action of electricity, however, with 
the methods of preparing the nerves and muscles for experi- 
mentation, will be fully considered under a separate head. 

The irritability of the motor system is entirely distinct 
from that of the sensory nerves, and one may be destroyed, 
leaving the other intact. This follows almost as a matter of 
course upon the fiw;t of the anatomical distinction between 
motor and sensory nerves ; but it is interesting to note the 
limits of the irritability after death in nerves of different 
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properties and the differences in the manner of its disappear- 
ance. The woorara-poison, a very curious agent prepared 
by the South- American Indians, has the remarkable prop- 
erty of paralyzing the motor nerves, leaving the nerves of 
sensation intact. This fact has been demonstrated by Ber- 
nard and others by very curious and ingenious experiments. 
The poison, like those of animal origin, acts most vigorously 
after introduction under the skin or absorption from wounds, 
and produces no toxic effects when taken into the stomach, 
except when introduced in large quantity in fasting animals. 
Under the influence of this agent, an animal dies with com- 
plete paralysis of the motor system, presenting, among other 
phenomena, arrest of respiration. Most of the varieties of 
the poison affect only the motor nerves, and do not influence 
the action of the heart ; and in animals brought completely 
under its influence, artificial respiration will enable the heart 
to continue its action, and, in some instances, if this be per- 
sisted in, recovery will take place. 

The fact that the woorara-poison affects the motor nerves 
only has been experimentally illustrated by Bernard, tak- 
ing advantage of the reflex functions of the spinal cord to 
show the persistence of the irritability of the sensory nerves. 
The most striking. of these experiments is the following : A 
frog is prepared by exposing the nerves in the lumbar re- 
gion, and then isolating the posterior extremities by apply- 
ing a strong ligature, including the aorta and all the parts 
except the nerves ; so that, practically, the only communica- 
tion between the posterior extremities and the body is by 
the nerves. It is evident, therefore, that if the poison be 
introduced under the skin of the body, acting, as it does, 
through the blood, it will affect all parts except the poste- 
rior extremities ; for the poison acts from the periphery to 
the centres, and must circulate in the parts to which the 
motor nerves are distributed. If the posterior extremities 
bo now irritated, the impression is conveyed to the spinal 
cord through the sensory filaments of the lumbar nerves, 
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which are intact ; this gives rise to a stimulus, which is re- 
flected back through the motor filaments of the same nerve, 
and the ordinary reflex movements are observed in the 
posterior extremities. This is to be expected, inasmuch 
as the posterior extremities arc removed from the influence 
of the poison. K the anterior extremities, which are com- 
pletely under the influence of the poison, be now irritated, 
no movements are observed in these parts, but they take 
place, as before, in the posterior extremities. The mechan- 
ism of this action is easily imderstood. Reflex phenomena, 
consisting in the movements of muscles, may be manifested 
throughout the entire system, following irritation of a single 
part. An impression made upon the surface is conveyed to 
the spinal cord, and, if this be sufficiently powerful, motor 
stimulus may be sent through all of the anterior roots com- 
ing from the cord. The impression made upon the anterior, 
or poisoned extremities, is conveyed by the sensory flla- 
ments to the cord and is transmitted to the posterior ex- 
tremities through their motor nerves, which are intact. The 
feet of the transmission of the impression from the anterior 
extremities to the cord shows that the poison does not aflect 
the sensory system'.' 

In the same way that the woorara-poison paralyzes the 
motor nerves, leaving the sensory system intact, other 
agents, as anaesthetics, will abolish the sensibility of the 
nerves without affecting the motor filaments. This well- 
known fact has also been experimentally illustrated by Ber- 
nard.* 

As we have already intimated in another connection, the 
nerves soon lose their irritability after they have been sepa- 
rated from the centres." This loss of conducting power is 

* BvaNARD, Lefona sur la phyBiologie et la pathologie du systhne nerveux^ Paris, 
1858, tomo i., p. 203, el seq.; and, Legons 8ur Ub propriites des Usgtu vivanta, 
ParU, 1866, p. 264, et aeq. 

• Berxard, Theorie phywotogique de Vaneathetie, — Beitu den cours scieniu 
figuesy Paris, 1868-*69, tome yi., p. 383. 

» See page 80. 
107 
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attended with important structural changes in the nei've- 
fibres. The tubes lose their normal appearance, and the 
medullary matter becomes opaque and coagulates in large 
drops. The axis-cylinder is not so much modified in struct- 
ure, but it certainly loses its characteristic physiological 
properties. 

The excitability of the motor nerves, according to the 
observations of Longet, disappears in about four days after 
resection.* Of course, in experiments upon this point, it is 
necessary to excise a portion of the nerve to prevent reunion 
of the divided extremities ; but when this is done, after the 
fourth day, galvanization of the nerve will produce no con- 
traction in the muscles, though the latter retain their con- 
tractility, as may be shown by the application of direct irri- 
tation. This loss of irritability is gradual, and continues, 
whether the nerve be exposed and stimulated from time to 
time or be left to itself ; and the loss of excitability pro- 
gresses from the centres to the periphery. In the researches 
of Longet on this subject, it was found that the lower por- 
tion of the peduncles of the brain lost their irritability first ; 
then the anterior columns of the cord, then thQ motor roots 
of the nerves, and, last of all, the branches of the nerves 
near their termination in the muscles. 

The sensibility of the sensory nerves disappear from 
the periphery t© the centres, as is shown in dying animals 
and in Experiments with anaesthetics. The sensibility is 
lost, first in the terminal branches of the nerves, next in the 
trunks and in the posterior roots of the spinal nerves, and 
so on to the centres.* We have often illustrated this fact in 
experiments upon the roots of the spinal nerves and in sec- 
tion of the large root of the fifth pair within the cranial 
cavity. Wlien an animal is brought so completely under 
the influence of ether that the operation of opening the spi- 
nal canal may be performed without inflicting the slightest 

* Longet, TraiU de phyiiologie^ Paris, 1869, tome iii., p. 171. 

* Longet, op, cit.^ p. 176. 
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pain, the posterior roots will be found to be distinctly sen- 
sible. "We have lately been in the habit, in class-demonstra- 
tions, of dividing the fifth pair in the cranium without using 
an anaesthetic, as the operation is instantaneous and the 
effects are much more striking in this way ; but when we 
have used an anaesthetic, we could never push the effects 
sufficiently to abolish the sensibility of the root of the nerve. 
In an animal brought so fully under the influence of ether 
that the conjunctiva, supplied with branches of the fifth, 
had become absolutely insensible, the instant the instrument 
touched the root of the nerve in the cranium, there were 
evidences of acute pain. Nothing could more strikingly 
illustrate the mode of disappearance of the sensibility of the 
nerves from the periphery to the centres. 

The nervous irritability may be momentarily destroyed 
by severe shock in killing an animal. This is sometimes 
illustrated in preparing frogs for experiments on the nerves ; 
the shock of killing the frog by decapitation, tearing off 
the skin, etc., abolishing the irritability of the nerves for 
the moment. The observations of Longet and Masson have 
shown, also, that a galvanic shock sufficiently powerful to 
destroy life abolishes instantly tlie excitability of the motor 



Nerve-Force. — The so-called nervous irritability, artifi- 
cially manifested by the application of a stimulus directly to 
the nerve-tissue, enables the nerves to conduct from the cen- 
tres to the periphery a force which is generated in the gray 
substance. This we may call the nerve-force. Its produc- 
tion is one of the most remarkable of the phenomena of 
life ; and its essence, or the exact mechanism of its genera- 
tion, is one of the problems that has thus far eluded the 
investigations of physiologists. We know, however, that in 
the operations of the nervous system, the nerves serve sim- 
ply as conductors and the nerve-cells generate the nerve- 

' LoNOET, TraxtJk de physiologiey Paris, 1869, tome iL, p. 602. 
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force. It is evident, also, that nearly all of the so-called 
vital phenomena are more or less influenced and controlled 
through this wonderful agent ; and throughout our study of 
the nervous system, we shall be constantly investigating the 
phenomena attending the operation of nerve -force, while 
compelled to admit our ignorance of its essential nature. 

NonAdeniAty of Nerve-Farce with Electricity. — ^When we 
come to study fiilly the action of electricity upon the nerves, 
we shall see that this is by far the most convenient stimulus 
for exciting the nervous action, and one by which we closely 
imitate the true nerve-force. So great is the similarity, in- 
deed, between some of the phenomena produced by the ap- 
plication of electricity and those attending the physiological 
action of nerves, that some physiologists have regarded the 
nerve-cells as generators of an electric current. This hy- 
pothesis explains the nature of nerve-force, in so far as it 
assimilates it to a force, with the action of which; as artifi- 
cially generated, we are moife or less familiar. No one at 
the present day, however, pretends that the nerve-force has 
been demonstrated to be identical with any form of elec- 
tricity; and the question does not now demand extended 
discussion. 

A series of experiments made by Provost and Dumas, 
in 1823, are worthy of note as showing the absence of a true 
electric current in nerves in action ; * but these have been 
confirmed in later years with apparatus suflSciently delicate 
to settle the question beyond a doubt. The most conclusive 
experiments on this subject are those of Matteucci and Lon- 
get, made upon horses at the veterinary school at Alfort. 
These physiologists exposed the sciatic nerves in the living 

* PrAtost et Dumas, Mkmoire tur lf$ phenomhies qui accompagneTtt la cw*. 
kradion de la fibre muscitlaire. — Journal de phyfioloffUf Paris, 1828, tome iii., p. 
828. Aoalogous experimoDts, with the same results, were made later by Person 
{Sur Vhypothhe dea couraru ilectnques datis lea nerfi.^-^<mmal de phyaiologU^ 
Paris, 1830, tome x.,'p. 216, et teq.). 
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animal, and, when there was evidently a conduction in both 
directions, as evinced by paia and muscular action, failed to 
detect the slightest evidence of an electric current with the 
most delicate galvanometer that could be constructed. The 
fact of the absence of a galvanic current in nerves during 
their physiological action was even more strikingly illus- 
trated by Matteucci, who demonstrated, in the electric eel, 
that although the electric discharges from the peculiar or- 
gans of this animal were under the control of the nervous 
system, and could be excited by galvanic stimulation of the 
proper nerves immediately after death, no galvanic current 
existed in these nerves during their physiological action.* 

When we abandon the hypothesis of the identity of 
nerve-force with electricity, we are compelled to admit that 
the agent generated by the nerve-centres is sui generis, and 
not to be compared with any force generated outside of liv- 
ing organisms or artificially produced by direct stimulation 
of the nerves ; but we admit, nevertheless, the fact that 
electricity may be generated by animals, as the electric fish- 
es, and that electric currents exist in different anatomical 
elements of the living body, including the nerves, under cer- 
tain conditions. Our study of the nerve-force, then, leaving 
its essential nature unexplained, is mainly confined to a de- 
scription of its attending phenomena. 

Mapidity of Nervous Conduction, — Until within the last 
few years, it has been assumed by many that the rapidity of 
nervous conduction was one of those problems in human 
physiology that could never be satisfactorily resolved ; and 
those who have investigated the history of this question, 
which dates from before the time of Haller, have often 
quoted the words of Miiller, who says, in his great work 
on the " Elements of Physiology," that " we shall probably 
never attain the power of measuring the velocity of nervous 
action ; for we have not the opportunity of comparing its 

' LoNOET, Traxik de phy%idogie^ Paris, 1869, tome iiL, p. 2Y6, Hnq, 
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propagation through immense space, as we ha ve in the ease 
of ight." ' 

The conjectures of writers before Ilaller were based upon 
the supposed similarity between nervous conduction and the 
passage of electricity ; but Haller formed an estimate of the 
rapidity of nervous conduction by ascertaining the number 
of letters he was able to* pronounce in one minute in read- 
ing aloud from the "Jilneid."* Calculating then the dis- 
tance of the nervous course from the brain to the muscles, 
he estimated that the nerve-force moved at the rate of about 
one hundred and fifty feet in a second/ This estimate is 
not very far from the truth ; at all events, it gives an idea 
of the relative slowness of nerve-conduction as compared 
with electricity or light, which travels at the rate of many 
hundred millions of feet in a second. 

The first rigorous estimates of the velocity of the nerve- 
current were made in 1850, by Helmholtz,* and were applied 
to the motor nerves. The important and interesting re- 
sults of these experiments were arrived at by an ingenious 
application of the graphic method, which has since been so 
largely improved and extended by Marey, and their accuracy 
was rendered possible by the exceedingly delicate chrono- 
metric apparatus which has been devised within the last 
few years. 

It is unnecessary to describe fully the exact methods 
employed by Helmholtz and those who immediately followed 
in his investigations ; suffice it to say that this distinguished 
physiologist and physicist constructed apparatus which, 
though somewhat complex, was so accurate as to leave no 
doubt as to the reliability of his results. Taking into 
account all of the disturbing conditions, and allowing for the 

* MtLLEB, Elements of Phymiogtfy London, 1840, vol L, p. 729. 

* Haller, Elementa PhysiologuB^ Lausannss, tomos ir., p. 483. 

* Op. cU.y tomus iv., p. 878. 

* Hklmholtz, Note sur la vUesse de propagation de Vagent nerveux dant Its 
fur/a rachidieru, — Comptca rendtu^ Parig, 1860, tome xxx., p. 204, and, 1861, 
tome xxxiil, p. 262. 
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Interval ofjposej or the length of tune between the excitation 
of a mnscle and the commencement of its contraction/ he esti- 
mated the rapidity of conduction in the motor nerves of the 
frog at about eighty-five feet per second.* The results ob- 
tained by Marey upon frogs give a much slower rate of 
nervous conduction. These were followed, however, by the 
observations of Hclmholtz and Baxt on the himian subject, 
which are, of course, the most interesting of all. 

The process devised by Marey is beautifully simple. He 
employed, to estimate small fractions of a second, a cylinder 
graduated in the following manner: An ordinary tuning- 
fork, vibrating, say, five hundred times per second, is so 
arranged that a point connected with one of its arms is made 
to play against a strip of blackened paper. As the paper 
remains stationary, the point makes but a single mark ; but . 
when the paper moves, as the point vibrates, a line is pro- 
duced with regular curves, every curve representing 3^^ 
of a second. Now, if a lever be attached to a muscle, and 
be so arranged as to mark upon the paper, moving at the 
same rate, the instant when contraction takes place, it is evi- 
dent that the interval between two contractions produced 
by stimulating the nerve at different points of its course will 
be most accurately indicated ; and if the length of the nerve 
between the two points of stimulation be known, the differ- 
ence in time will represent the rate of nci^vous conduction." 

In experiments upon frogs, the leg is prepared by cutting 
away the muscles and bone of the thigh, leaving the nerve 
attached. The lever is then applied to the muscles of the 
leg and the stimulation is applied successively at two points 
in the nerve, the distance between them being carefully 
measured. The results obtained in this way showed a vaiQ 

* See vol iii., Moreroents, p. 472. 

* Comples renduSj Paris, 1851, tome xxxiil, p. 262. 

* Mabet, Du mouvement dans lea fonctions de la vie, — Revue dee court aeien* 
hfiquet, Paris, 1865-'66, tome iii., p. 846, et teq,; and, Du mouvement, etc., Paris, 
1868, p. 410, et teq. 
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of conduction of from thirty-six to forty-six feet per second ; 
but these are not regarded by Marey as invalidating the 
estimates by Helmholtz, in view of the various conditions by 
which the rapidity of conduction is modified.* 

Employing the myograph of Marey, Baxt, in the labora- 
tory of Helmholtz, has succeeded in measuring the rate of 
nervous conduction in the human subject. In these experi- 
ments, the swelling of the muscle during contraction was 
limited by enclosing the arm in a plaster-mould, and noting 
the contraction through a small opening. By then exciting 
the contraction by stimulating the radial nerve successively 
at different distances from the muscle, the estimate was 
made. The rate in the human subject was thus estimated at 
one hundred and eleven feet per second.* The latest experi- 
ments on this subject by Helmholtz and Baxt, in which great 
care was tiken in the adjustment of the apparatus, showed a 
mean of rapidity for the motor nerves, in man, of about two 
himdred and fifty-four feet per second. These observations 
were made in the summer of 1869 ; and the difference in the 
results is in part explained by the fact, which was ascertained 
experimentally at that time, that a high temperature in- 
creases, and a diminished temperature retards the velocity 
of nervous conduction.' It has been further shown by Munk, 
that the rate of conduction is different in different portions 
of the nervous trunk ; the rapidity progressively increasing 
as the nerve approaches its termination.* 

Helmholtz, Du Bois-Keymond,* Marey, and others, have 

» Mabet, Du mouvetnerU^ etc., Paris, 1868, p. 433. 

' Baxt, Veraticke iiber die Fortpflanzungsgeschwindigkeit der Beizung in den 
motoriscken Nerven des Mensclien. — MonaUhericlde der k'imglich Preussischen 
AkadwiU der WissejischafteH zu Berlin^ aw dem Jahre^ 1867, Berlin, 1868, S. 233. 

^Helmholtz c.vd Baxt, FortpJlamwigsgeschwindigkeU der Erregung in 
BewegHnganerven. — Der I^/aturforscher^ Berlin, 1870, Bd. iiU, S. 230. 

* Munk, Uhtersuchuugen iiber die Zeiiung der Erregung in Nerven. — Archiv 
fur AncUomie^ Fhgsiologie^ und wvtaenschafUiche Medecin, Leipzig, 1864, S. 798, 
eiteq. 

' Du Bois-Retmond, Vitesse de la iransmisston de la vdonte etde la senaaiion d 
iravers lea nerfs, — Beviu dea coura adentifiquea, Paris, 1866-'67, tome iv., d. 87 
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noted certain conditions which modify the rate of nervous 
conduction. One of the most prominent of these, first ob- 
served by Hehnholtz, is due to modifications in temperature. 
Bj a reduction of .temperature, in the frog at least, the rate 
is very much reduced ; and at 32*^ it is not more than one- 
tenth as rapid as at 60° or 70°.' Marey has also noted that 
the rate is sensibly reduced by fatigue of the muscles.* 

The same principle which has led to the determination of 
the rate of conduction in motor nerves ; viz., an estimation 
of the difierence in time of the passage of a stimulus applied 
to a nerve at two points situated at a known distance from 
each other, has been applied to the conduction of sensations. 
Hirsch is quoted as having made the first attempt to resolve 
this question, in 1851.* He employed the delicate chrono- 
metric instruments used in astronomy, and noted the dif- 
ference in time between the appreciation of an impression 
made upon a part of the body far removed from the brain, 
as the toe, and an impression made upon the cheek. This 
process admitted of the rough estimate of about one hundred 
and eleven feet per second ; an estimate agreeing remarkably 
with that of Baxt for the motor nerves. The later and more 
elaborate researches of Schelske show a rapidity of conduction 
by the sensory nerves of about ninety-seven feet per second." 

Attempts have been made by Helmholtz, Du Bois-Eey- 
mond,* Marey,* Donders,' and others, to estimate the dura- 

' Marxt, Dm numvement dans letfondiont de la vt«, Paris, 1868, p. 433. 

• LoNOET, Traiie de physioloffU, Paris, 1869, tome iii., p. 291. 

• Schelske, Netie Messungen der Fortpjlanztingig&ichwindigkeit det Jiekea in 
den menscJdiclien Kerven, — Archiv fiit Anatomic^ rhysiologie undwissenchafilich^ 
Medecin, Leipzig, 1864, S. 172. 

• Du Bois-Retmond, On the Time required for the Transmission of VolUion 
and Sensation through the Nerves. A Lecture given at the Royal Institution. — 
Bekce Jones, Croonian Lectures on Matter and Force^ London, 1868, Appendix 
L, p. 97, et seq. ; and, Jievue des cours scientiJiqueSf Paris, 1866-'67, tome iv., p. 
89, et seq. 

• Mabet, Du numvement dans lesfonclions de la vw, Paris, 1868, p. 442. 

• DoNDEBS, Velocity of Cerebral Functions. — The Quarterly Journal of Psy- 
chological Medicine^ New York, 1869, vol iii., p. 768, et seq. 
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tion of acts involving the central nervous system, as the 
reflex phenomena of the spinal cord or the operations of the 
cerebral hemispheres. These have been partially successful, 
or, at least, they have shown that the reflex and cerebral 
acts require a distinctly appreciable period of time. This, 
in itself, is an important fact ; though the duration of these 
acts has not yet been measured with all the accuracy that 
could be desired. As the general result of experiments upon 
these points, it is found that the reflex action of the spinal 
cord occupies more than twelve times the period required 
for the transmission of stimulus or impressions through the 
nerves.* Donders found, in experiments on his own person, 
that an act of volition required one-twenty-eighth of a sec- 
ond, and one of simple distinction or recognition of an im- 
pression, one-twenty-fifth of a second.* These estimates, 
however, are merely approximative ; and until they attain 
greater certainty, it is unnecessary to describe in detail the 
apparatus employed. 

The general result of the various observations we have 
detailed upon the rate of nervous conduction as applied to 
the human subject is, in the first place, that this can be 
measured with tolerable accuracy ; second, that it is in no 
wise to be compared with the rate of conduction of light or 
electricity ; and, finally, that the rate in the human subject 
is essentially the same in the motor and sensory nerves, be- 
ing, according to the most reliable estimates, about one hun- 
dred and eleven feet per second. 

Elevation of Temperature in Nerves during their Funo- 
tional Activity. — There is little to note under this head, ex- 
cept the fact that functional activity of the nerves produces 
an amount of elevation to temperature in their substance 
which can be distinctly demonstrated by sufficiently delicate 
thermometric apparatus. Under the head of animal heat, 
in another volume, we have given the results of recent ob- 

1 Du Bois-Rktmond, loc, cU, * Dondebs, loe, eil. 



Digitized by 



GoogI( 



ACnON OF ELECTRICITY UPON THE NERVES. 105 

Bervations by Lombard, showing an elevation in the teni' 
perature of the head during mental exertion/ The same 
facts have lately been observed by Schiff,* who has also 
shown a slight elevation of temperature in nerves during 
the conduction of an artificial stimulus.' 

Action of JElectridty upon the Nerves, — ^A great deal has 
been written npon the efiects of electricity upon the nervous 
system, and fects elicited by eicperiments upon this subject 
are highly important in their bearing on physiology and 
pathology. Still, there are numerous observations upon 
this subject which have but little importance, in a purely 
physiological sense, except that they are curious and inter- 
esting. These we do not propose to discuss elaborately ; 
but shall confine ourselves chiefly to those points which bear 
directly upon our knowledge of the properties and functions 
of the nerves. 

The first important fact — ^to which we have already al- 
luded — is, that electricity is the best means that we have of 
artificially exciting the nerves. Using electricity, we can 
regulate with exquisite nicety the degree of stimulation ; 
we can excite the nerves long after they have ceased to re- 
spond to mechanical or chemical irritation ; the effects of 
different currents can be noted ; and, finally, this mode of 
stimulation produces a peculiar and interesting condition of 
the parts of the nerve not included between the poles of the 
battery. For these reasons, it seems proper to devote some 
consideration, in this connection, to the effects of the appli- 
cation of this agent to the nerves. 

So long as the nerves retain their irritability, they wiU 
respond to an electrical stimulus. Experiments may be 
made upon the exposed nerves in living animals or in ani- 

^ See Tol iii., Animal Heat, p. 416. 

' MoRiTZ ScHiFT, IUcherch£9 tur VUhauffemeni des nerfs ei des centres nerveux 
i la ntiie des irrUatums sensorieHes et sensitives. — Archives de physidogity Paris, 
1870, tome iii., p. 5, et seq, 

» Ibid., 1869, tome ii., pp. 167 and 380. 
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mals just killed ; and, of all classes, the cold-blooded animals 
present the most favorable conditions, an account of the 
persistence of nervous and muscular irritability for a consid- 
erable time after death. Experimenters most commonly use 
frogs, on account of the long persistence of the irritability 
of their tissues and the facility with which certain portions 
of the nervous system can be exposed. For ordinary experi- 
ments upon the nervous conduction, the parts arc prepared 
by detaching the posterior extremities, removing the skin, 
and cutting away the bone and muscles of the tliigh, so as 
to leave the leg with the sciatic nerve attached. A frog's 
leg thus isolated presents a nervous trunk one or two inches 
in length, attached to the muscles, which will respond to the 
slightest stimulus. It is by experiments made upon frogs 
prepared in this way that most of the important facts rela- 
tive to the action of electricity upon the nervous system 
have been developed. 

It is evident that the galvanic current may be applied to 
a nerve so that the direction may, in the one case, follow the 
course of the nerve, that is, from the centre to the periph- 
ery, and, in the other, be opposite to the course of the nerve. 
These currents have been called respectively the direct, or 
descending, and the inverse, or ascending.* When the posi- 
tive pole (the copper) is placed nearer the origin of the 
nerve, and the negative pole (the zinc) below this point in 
the course of the nerve, the galvanic current follows the 
normal direction of the motor conduction, and this is called 
the direct current. Wlien the poles are reversed, and the 
direction of the galvanic current is from the periphery 
toward the centre, it is called the inverse current. It will 
be convenient to speak of these two currents respectively as 
direct and inverse, in detailing experiments upon the action 
of electricity upon the nerves. 

The points to be noted with regard to the effects of the 

' The direct current is sometimes called ceDtrifugal, and the inverse, centrip- 
etal 
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application of electricity to an exposed nerve are the action 
of constant currents of different degrees of intensity, the 
phenomena observed on making and breaking the circuit, 
and the effects of an interrupted current. 

During the passage of a feeble constant current tlu'ough 
an exposed nerve, whatever be its du'ection, there are no 
convulsive movements and no evidences of pain. This fact 
has long been recognized by physiologists, who at first 
limited the effects of electricity upon the nerves to two 
periods, one at the making of the circuit and the other at its 
interruption. "We shall see, however, that the passage of 
electricity through a portion of a nervous trunk produces a 
peculiar condition in parts of the nerve not included between 
the poles of the battery, described by Du Bois-Reymond 
under the name of electrotonus ; but the fact that neither 
motion nor sensation is excited in a mixed nerve during the 
actual passage of a feeble constant current is not invalidated. 

K a sufficiently powerful constant current be passed 
through a nerve, disorganization of its tissue takes place, and 
the nerve finally loses its excitability, as it does when 
bruised, ligatured, or when its structure is destroyed in any 
other way.* It was thought by Galvani, and the idea has 
been adopted by Matteucci, Gu^rard, and Longet,* that a 
current directed exactly across a nerve, so as to pass at right 
angles to its fibres, does not give rise to muscular contrac- 
tion ; but it is doubtful whether this can be accepted as a 
demonstrated fact. Chauveau has found that a transverse 
current passed through the exposed focial nerve of a horse 
produces well-marked muscular action. He is of the opinion 
that the experiments of Galvani and his followers, made upon 
frogs; are faulty, inasmuch as the nerve is so small that but 
little if any of the galvanic current passes through its sub- 
stance, being conducted from one pole to the other through 

' BERNARD) Lemons 8ur la phytioloffie el lapathologie dusyiUhme nerveuXj Paris, 
1858, tome I, p. 162. 

< LoKQET, Traiie de physiologiey Paris, 1869, tome iii., p. 193. 
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the snrrotinding moisture, which, in his own experiments, 
was carefully removed/ Longet has noted that pain is pro- 
duced by the passage of a transverse current through a sen- 
sitive trunk, and that the pain does not seem to be increased 
when the poles are separated and the current thus is sent 
through a portion of the length of the nerve.' 

All who have experimented upon the action of galvanism 
upon the mixed nerves' have noted the fact alluded to above, 
that the phenomena of contraction are manifested only on 
closing or breaking the circuit. Take, for example, a frog's 
leg prepared with the uQrve attached ; place one pole of a 
feeble galvanic apparatus on the nerve and then make the 
connection, including a portion of the nerve in the circuit, 
and usually, a contraction of the muscles will occur when the 
circuit is closed, the limb will be quiet during the passage of 
the current, and another contraction will take place when 
the circuit is broken. When the parts are freshly prepared, 
the contractions take place as described, whatever be the 
direction of the current." After a time, however, the ner- 
vous irritability becomes somewhat enfeebled, and then it is 
observed that the contraction occurs in some instances when 
the circuit is closed, and in others when the circuit is broken. 
The differences in the time of appearance of these phenom- 
ena have been found to depend upon the direction of the 
current, and may be formularized as follows : 

If the sciatic nerve attached to the leg of a frog, prepared 

* Ghauyeau, Effets physioloffiqttea de rSUdricitS.^^oumal de la physiologie^ 
Paris, 1860, tome iii., p. 298. 

' LoKOET, loc. ciU^ p. 201. 

' A form of galvanic apparatus which we have loDg used aod found very 
conveQient for these experiments is essentially the one described by Bernard 
{Systkne nerveux, Paris, 1858, tome i., p. 144). It consists simply of alternate 
oopper and zinc wires wound around a piece of wood bent in the form of a 
horseshoe and terminating in two platmum points representing the positive and 
negative poles. This forms a sort of electric forceps, about eight inches long, 
which, when moistened with water slightly acidulated with acetic acid, will give 
a current of about the strength required for most of the experiments detailed 
aboTe. 
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in the usxial way for such experiments, be subjected to a feeble 
galvanic current, there is a time when muscular contraction 
takes place only at the instant when the circuit is made ; no 
contraction occurring when the circuit is broken ; and this 
occurs only with the direct current ; i. e., when the current 
flows toward the periphery, the positive pole being above, 
and the negative below. If the poles be reversed, so that 
the galvanic current flows from the periphery toward the 
centres — ^the inverse current — contraction of the muscles 
occurs only when the circuit is broken and none takes place 
when the circuit is closed. 

These phenomena are distinct after the irritability of the 
parts has become somewhat diminished by exposure or by 
electric stimulation of the nerve, but they may occur in per- 
fectly fresh parts, when the galvanic current is very feeble. 
Usually, when the nervous irritability is at its height, con- 
tractions occur both on closing and breaking the circuit ; jbut 
they are more powerful on closing the circuit, for the direct 
current, and on breaking the circuit, for the inverse current. 
This fact has been noted by all experimenters since the time 
of Ritter, by whom the essential characters of these phenom- 
ena were first described.' Eitter was in error in supposing 
an antagonistic action of the flexor and extensor muscles 
excited by making the circuit with the direct, and breaking 
the circuit with the inverse current ; but most of his descrip- 
tions of the effects of different currents are remarkably 
accurate and have been fully confirmed by late observers. 

A very simple experiment made by Matteucci strikingly 
illustrates the contrasted action of the direct and the inverse 
current. The posterior extremities of a frog are prepared 
so as to leave the nerves on the two sides connected together 
by a portion of the spinal column. The legs are then placed 
each one in a wineglass of water, and a feeble galvanic cur- 
rent is passed from one glass to the other. It is evident 

* RiTTEB, Beytrclge zttrnShem Kenntnissdes GalvaniarmLS^ Jena, 1806, Bd. ii., 
drittes, riertes and letztes Stiick, S. 182, et seq. 
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that, with this arrangement, the current will pass thronglj 
both nerves, being direct for the one and inverse for the 
other. In this case, if the irritability of the nerves be not 
too intense, there will be a contraction in the leg in which 
the current is direct at the time of making the circuit, while 
the other leg will contract when the circuit is broken.* This 
eicperiment has been modified by Chauveau, and applied to 
the two facial nerves in a living horse. A Leyden jar is 
very feebly charged with electricity, and the two facials are 
exposed. The current is then passed instantaneously through 
both the nerves, which gives but a single stimulus and that 
corresponds to the time of making the circuit with the con- 
stant current. In this experiment, tlie current is direct for 
one nerve and inverse for the other, and contraction takes 
place only in those muscles supplied with the nerve for 
which the current is direct." 

,The muscular contraction produced by galvanic stimula- 
tion of the nerve is more vigorous the greater the extent of 
the nerve included between the poles of the battery. This 
fact has long been observed, and its accuracy is easily veri- 
fied. It would naturally be expected that the greater the 
amount of stimulation the more marked would be the mus- 
cular action ; and the stimulation seems to be increased ill 
proportion to the extent of nerve through which the gal- 
vanic current is made to pass. 

The irritability of a nerve, it is well known, may be ex- 
hausted by the repeated application of electricity, whatever 
be the direction of the current, and is more or less com- 
pletely restored by repose. It is a curious fact, in this con- 
nection, that when the irritability of a nerve has been ex- 
hausted for the direct current, it will respond to the inverse 
current, and vice versa; and it is even more remarkable that 
after the irritability has been exhausted by the direct cur- 

* Matteucci, Zefons 8ur lea pMnom^nes phynqun des corps vivants^ Paris, 
1847, p. 283. 

• Chauteau, op. cii. — Journal de la phytiologie^ Paris, 1860, tome iii., p. 67. 
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rent, it is restored more promptly by stimulation with the 
inverse current than by absolute repose, and vice ver^a. 
This phenomenon, observed by Volta, is sometimes known 
as " voltaic alternation." * It is very strikingly illustrated in 
fix)g8 prepared as above described, with the two posterior 
extremities, the nerves attached through a portion of the 
spinal cord, placed in vessels of water so that a current may 
bo simultaneously passed through both nerves, being direct 
for the one and inverse for the other. A& we have already 
seen, after a time, contraction occurs only in one leg, for 
which the current is direct, on making the circuit, and in the 
other, only on breaking the circuit. By repeatedly passing 
the current in this way, after a time there will be no con- 
traction in either leg, the irritability of the nerves having 
become exhausted. If the poles of the battery be now re- 
versed, so as to make the inverse current take the place of 
the direct, contractions with making and breaking the cir- 
cuit will again occur. The irritability may again be ex- 
hausted and restored by changing the poles, and this may 
be repeated several times with the same preparation. 

There can be no doubt with regard to the action of the 
direct and inverse currents, as above described, applied to 
nerves exclusively motor, as well as to the mixed nerves. In 
the mixed nerves separated from the centres, it is evident 
that the motor elements only are acted upon ; and it would 
be diflScult to understand how the action of these currents 
could be different when applied to the anterior roots of the 
epinal nerves. Longet and Matteucci, however, in their 
earlier experiments upon the anterior roots of the spinal 
nerves, observed that contraction of muscles took place on 
breaking the circuit, with the direct current, and on making 
the circuit, with the inverse current ; precisely the opposite 
of the phenomena noted in experiments on the mixed 
nerves ; and Longet proposed from this to draw a distinc- 
tion between the ordinary nerves and those possessed of ex- 

* LoNGiT, TraiU de physiohgie^ Parifl, 1869, tome iii., p. 199. 
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clusively motor properties. The error in these observations, 
however, was early pointed out by Eousseau, whose experi- 
ments were fully detailed by Bernard before they were pub- 
lished separately.* Eousseau found that when galvanism 
was applied to a mixed nerve still connected with its cen- 
tres, two galvanic currents were established ; the one taking 
the shorter course through that portion of the nerve includ- 
ed between the poles of the battery, and the other, called the 
" derived current," taking an opposite direction through the 
nerves and the tissues. It is evident that the derived cur- 
rent would be inverse for the nerve when the shorter cur- 
rent is direct, and vice versa. Now if the extent of nerve 
included between the poles of the battery be short, the de- 
rived current would predominate, and we would seem to 
have contraction with the closure of the inverse and the 
opening of the direct current. This fact was fiilly demon- 
strated by Eousseau, who devised a little apparatus for neu- 
tralizing the derived current, when the phenomena follow- 
ing the application of the currents to the nerves attached 
were the same as those observed in divided nerves.' In 
1859-60, shortly after these experiinents were published, 
we repeated them before a medical class, and have no doubt 
as to the accuracy of the results. The experiments of Eous- 
seau have since been confirmed by Chauveau ; ' and Mat- 
teucci,* in his later publications, acknowledges the error of 
his first observations, though Longet still adheres to his ori- 
ginal deductions.* 

Induced Muscular Contraction. — ^A curious phenomenon 

* Rousseau, in Bernard, Ia^o/m tur la physioloffie et la paihclogie du sytihM 
nerveux^ Paris, 1858, tome i., p. 170, et seq, 

« Zoc, cU., p. 181. 

» Chauveau, EffeU physiologique^ de VeledrieiU. — Journal de la phtf^€log%$^ 
Paris, 1860, tome iii., p. 458, et aeq, 

* Matteucci, Phenomhies phyeico^imiquea dea corpe vivante. — Hevtie de$ cawn 
icienUJiques, Paris, 1867-68, tome t., p. 508. 

* LoMGKl, Traits de phyiiohffie, Paris, 1869, tome ill, p. 187. 
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was discovered by Matteucci, in experimenting upon nervous 
and muscular irritability, which has been called "induced 
muscular contraction." * It was found that if the nerve of a 
galvanoscopic frog's leg (the leg prepared with the nerve 
attached in the way already described) be placed in contact 
with the muscles of another leg prepared in the same way, 
galvanization of the nerve giving rise to contraction of the 
muscles with which the nerve of the first leg is in contact 
will induce contraction in the muscles of both. This ex- 
periment may be extended, and contractions may thus be in- 
duced in a series of legs, the nerve of one being in contact 
with the muscles of another. This illustrates the great deli- 
cacy of the galvanoscopic frog's leg, as it will indicate a cur- 
rent due to a single muscular contraction, which does not 
aflTect an ordinary galvanometer. It is conclusively- proved 
that the " induced contraction," as just described, is not due 
to an actual propagation of the galvanic current, but to a 
stimulus produced by the muscular contraction itself, by the 
feet that the same phenomena occur when the first muscular 
contraction is produced by mechanical or chemical excitation 
of the nerve. 

Galvanic Cwrrent from the Ederior to the Cut Sv/rfaoe 
of a Nerve. — ^Before we study certain phenomena presented 
in nerves a portion of which is subjected to the action of a 
constant galvanic current, it is important to note the feet, 
discovered many years ago by Du Bois-Reymond, that there 
exists in the nerves, as in the muscles," a galvanic current 
from the exterior to their cut surface.' This fact has been 
confirmed by aU who have investigated the subject of electro- 
physiology. It has been roughly estimated by Matteucci 
that the nerve-current has from one-eighth to one-tenth the 

' Hattktcci, Zeffoiis sur let jMnomknes pTtysiques des corps vivaniSj Paris^ 
1847, p. J68. 

• See vol. i., Movements, p. 476. 

• Du Bois-Retmokd, Unlenuchungen uber ihieri^che EleklrieiUU^ Berlin, 1849, 
8. 251, et uq. 
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intensity of the muscular current.* The existence of the 
nerve-current has, as far as we know, no more physiological 
significance than the analogous fact observed in the muscular 
tissue. It is presented in nerves removed from the body, and 
has no relation to their fimctional activity, whether in nor- 
mal action or excited by artificial stimulation. 

Effects of a Constcmb Gdhamc Current upon the Nervous 
IrritcMlity. — ^Aside from the disorganizing effect upon the 
nerves of a powerfiil constant current, which is due solely 
to decomposition of their substance, a feeble current has been 
found to exert an important infiuence upon the nervous 
irritability, according to the direction in which the current 
is passed. The law in accordance with which this infiuence 
is exertyed is stated by Matteucci as follows : 

" A continued electric current passed through a mixed 
nerve, the crural or the lumbar, for example, modifies the 
excitability of the nerve in a very different manner, accord- 
ing to its direction. The excitability is enfeebled by the 
passage of the direct current, and, on the contrary, it is pre- 
served and augmented, at least within certain limits, by the 
inverse current. The time necessary in order that the cur- 
rent shall produce this modification is proportionate to the 
degree of excitability of the nerve and in inverse ratio to the 
intensity of the current. After the breaking of the circuit, 
the modification of the nerve tends to cease at a period that 
is short in proportion as the excitability of the nerve is great 
and the intensity of the current is feeble. This proposition 
explains the difference in the electro-physiological effects of 
the continued current according to its direction, the well- 
known phenomenon of voltaic alternations, and the pe- 
riods discovered and specially studied by Marianini and 
Nobili." • , 

This law has been carefully studied and formularized, as 
above, by Matteucci, but its discovery is attributed by physi- 

* MiTTEUCCi, Ccun ctklectro-ph^ftidogie^ Paris, 1858, p. 122. ' Ibid., p. Z^ 
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ological writers to Pfaff.* After a time, varying with the 
excitability of the nerve and the intensity of the current, the 
direct current will destroy the nervous irritability, but this 
may be restored by repose, or more quickly by the passage 
of an inverse current. If the inverse current be passed first 
for a few seconds, a contraction follows the breaking of the 
circuit ; and this contraction, within certain limits, is more 
vigorous the longer the current is passed. . At the same time, 
the prolonged passage of the inverse current increases the 
excitability of the nerve for any kind of stimulus. When 
the inverse current has been passed through the nerves for 
several hours, breaking of the circuit is followed by verj-^ 
violent contraction and a tetanic condition of the muscles, 
enduring for several seconds. . 

Electrotonu8^ AndectrotonuSy and Catdedrotonus. 

- Many years ago, Du Bois-Eeymond discovered the curious 
and interesting fact, that when a constant galvanic cun*ent 
is passed through a portion of a freshly-prepared nerve, those 
parts of the nerve not included between the poles are brought 
into a peculiar condition. "While in this state, the nerve 
will deflect the needle of a delicate galvanometer and its ex- 
citability is modified." The deflection of the needle, in this 
instance, is not due to the normal nerve-current, for it occurs 
when the galvanometer is applied to the surface of the nerve 
only. It is due to an electric tension of the entire ner\^e, in- 
duced by the passage of a current through a portion of its 
extent. This condition is called electrotbnus. The phe- 
nomena thus produced have been most elaborately studied by 
Pfliiger, who further recognized a peculiar condition of that 
portion of the nerve near the anode, or positive pole, differing 
from the condition of the nerve near the cathode, or ne^tive 
pole. Near the anode, the excitability of the nerve is dirain- 

' LoNGiT, Trcdte de phytiologie^ Paris, 1869, tome iii., p. 194. 
• Du Bois-Reymond, Uniermchungen iiber ihierUche Elekirieif€U, Berlin, 1849, 
Bd y., S. 289, et teq. 
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ished, and this condition has been called anelectrotonosJ 
Kear the cathode, the excitability is increased, and this con 
dition has been called catelectrotonus.' 

These varied phenomena have been the subject of ex- 
tended investigation by electro-physiologists; and although 
they are not to be ranked among the physiological properties 
of title nerves, they have considerable pathological and thera- 
peutic importance. It is well known, for example, that elec- 
tricity is one of the most efficient agents at our conmiand 
for the restoration of the functions of nerves affected with 
disease ; and the constant current has, particularly of late, 
been extensively and successfully used as a therapeutic agent. 
The constant current, in restoring the normal condition of 
nerves, must influence, not only that portion included be- 
tween the poles of the battery, but the entire nerve ; and 
the electrotonic condition, with its modifications, explains 
how this result may be obtained. Undoubtedly the sensory 
nerves are affected as well as the motor, though we have as 
yet but little positive information upon this point. A knowl- 
edge of the feet that the constant current diminishes the ex- 
citability of the nerve near the anode (anelectrotonos) and 
increases it near the cathode (catelectrotonos) may become 
important in determining the direction of the current to be 
employed in different cases of disease. 

In the present condition of the subject of electro-physi- 
ology, it will be unnecessary to do more than to indicate, as 
clearly and simply as possible, the laws of the phenomena 
attending the passage of a constant current through nerves, 
as far as they have been definitively ascertained. For a most 
lucid exposition of these laws, the physiological student can- 
not do better than to consult a lecture recently published by 
Dr. Kutherford, of Edinburgh.' 

^ Pfl^oer, Uniermekungen uber dU Phy9ioU>gie det EUetroUmm^ Berlin, 1869, 
a 277, et seq. 

« Op. cU., S. 186, d 8eq, 

' RuTHEBFORD, Electrotonua. — Jourrud of Anatomy and Phytiology^ Cambridge 
and London, 1868, vol. ii., p. 87, et aeq. 
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The phenomena of electrotonus are very sunple ; and it 
is only when we attempt to construct a theory to account for 
these phenomena that the subject becomes obscure. Sup- 
pose, for example, that a nerve be exposed in a living ani- 
mal, or in one just killed, and a galvanic current be applied 
from a Grove's battery, in which about twelve square inches 
of zinc are exposed to the action of a liquid containing one 
part of ordinary sulphuric acid to eight of water.* A deli- 
cate galvanometer applied to the nerve either above or be- 
low the poles will indicate a decided current, much more in- 
tense than the tranquil nerve-current between the exterior 
and the cut surface. This electrotonic condition exists so 
long as the galvanic current is continued ; and, as has been 
shown by Matteucci in operating upon th6 higher animals — 
rabbits, dogs, fowls, and sheep — ^when the galvanic current 
has been sufficiently powerful and prolonged, the electroto- 
nic condition persists for a certain time after the stimulus 
has ceased.' As we have seen that the muscular contraction 
following galvanic stimulation of a nerve is powerful in pro- 
portion to the extent of nerve inqluded between the poles 
of the battery, so the electrotonic condition increases in 
intensity with the length of the nerve subjected to the con- 
stant current ; provided, always, that the strength of the 
current be slightly increased to compensate the enfeebling 
action due to the resistance in the incrq^ed length of the 
circuit." 

We do not propose to discuss fully the various theories 
that have been advanced in explanation of the phenomena 
of electrotonus. Matteucci has made a series of interesting 
observations upon conductors formed of very fine wires, one 
of platinum and the other of amalgamated zinc, covered with 
cotton thread soaked in a neutral solution of sulphate of 

> RlTTHlRFORO, loc, cU, 

• Kattsucci, Oriffine de VHedrofane des ner/i, — Jlevue det eours scierUifiqaet, 
Fkris, 1867-68, tome v., p. 279. 

HoBGAM, Eledro-physioioffy and Therapeutict^ New York, 1868, p. 496. 
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zinc. The experiments were then arranged so as to operate 
first with the platinum wire and afterward with the zinc, by 
passing a galvanic current through a small portion of the 
conductor, in the same way as it is passed through a portion 
of a nerve. He found that in this way he could produce a 
strong electrotonic euiTcnt in the platinum wire, even at a 
distance of more than three feet from the electrodes, while 
no such current was observed in the zinc. He remarks that 
in the platinum wire " secondary polarities " are produced 
very powerfully and rapidly, while these are not developed in 
the zinc* From these experiments alone, it might seem that 
the phenomena of electrotonus, as described by Du Bois-Key- 
mond and others, are to be explained entirely by the physi- 
cal properties of the nerves as conductors of electricity ; but 
various observations on the nerves under different condi- 
tions have conclusively proven the contrary. All observers 
are agreed that the electrotonic condition is marked in pro- 
portion to the excitability of the nerve, and is either entirely 
absent or extremely feeble in nerves that are dead, or have 
lost their irritability. If a strong ligature be applied to the 
extra-polar portion of the nerv^e, or if the nerve be divided 
and the cut ends brought in contact with each other, the 
electrotonic condition is cither not observed or is very feeble. 
These facts show conclusively that the phenomena of elec- 
trotonus depend upon the physiological integrity of nerves. 
A dead nerve, or one that has been divided or strongly liga- 
tured, may present these phenomena under the stimulation 
of a very powerful current (and then only to a slight degree), 
when the condition depends upon the purely physical prop- 
erties of the nerve as a conductor ; but there is no compari- 
son between these phenomena and those observed in nerves 
that retain their physiological properties. Were it other- 
wise, how could the physiological properties of a diseased 
nerve be restored throughout its whole extent by a constant 
current passed through a restricted portion, when the exci- 

* Hevue cU8 coun tcienUJiqiiei, Paris, 1867-68, tome v., p. 279. 
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lability of the nerve is only manifested at the closing or 
opening of the circuit ? * 

Andectrotonvs and Catelect/rotonvs. — ^It is interesting to 
note that when a portion of a nerve is subjected to a moder 
ately powerful constant current, the conditions of the extra 
polar portions corresponding to the two poles of the battery 
are entirely different. Near the positive pole, or anode, the 
excitability of the nerve and the rate of nervous conduction 
are diminished. If, however, we have a galvanometer ap- 
plied to this portion of the nerve, its electromotive power, 
measured by the deflection of the galvanometric needle, is 
increased. On the other hand, near the negative pole, or 
cathode, the excitability of the nerve is increased as well as 
the rate of nervous conduction ; but the electromotive power 
is diminished. The above is laid down by Rutherford, as 
the law of electrotonus." These facts, at least so far as they 
relate to the increase of the excitability of the nerve near 
the cathode and its diminution near the anode, are partial- 
ly explained by Matteucci upon purely physical principles, 
depending upon the electrolytic action of the current, as is 
shown by the following experiment : 

Two cups are filled, the one with a very feeble alkaline 
solution, and the other with an equally weak acid fluid. A 
number of galvanoscopic frogs' legs are then rapidly pre- 
pared, of which one-half the number is plunged in the alka- 
line and one-half in the acid fluid, for from thirty seconds 
to one or two minutes. The parts are then removed from 
the liquids, and are carefully washed and dried in bibulous 
paper. By touching the nerves with a strong solution of 

* It is necessary to note, in this connection, that Matteucci '(/(X?. dt.) found 
that the electrotonio condition in the platinum wire covered with moistened 
cotton was affected by a strong ligature in nearly the same way as a living nerve, 
when, of course, ** the alteration consists principally in the solution of continu- 
ity thus produced in the moist covering of the metallic thread." 

* RumERFORD, ElectroUmtu, — Journal of Anatomy caid Phyiioloffy^ Cambridge 
and London, 1868, vol. ii, p. 98. 
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common salt, which is a powerful excitant for the nervous 
irritability, the nerves that had been exposed to the alkaline 
solution produced more powerful and prompt contractions 
than those exposed to the acid. Now the electrolytic action 
of a constant current tends to the accumulation of hydrogen 
and an alkali near the cathode, and oxygen and an acid near 
the anode ; and by this, Matteucci explains the increase of 
excitability in catelectrotonus and the diminished excita- 
bility in anelectrotonus.* As regards this question, we have 
only to say, as in the case of general electrotonus, that the 
conditions are susceptible of a partial explanation on purely 
physical grounds ; but precisely how far the unexplained 
physiological properties of the nerves are involved, it is im- 
possible to say. 

Neutral Point. — The anelectrotonic condition, on the 
one hand, and the catelectrotonic condition at the other 
pole of the battery, are marked in extra-polar portions of 
the nerve, and are to be recognized as well in that portion 
through which the current is passing; but between the 
poles, is a point where these conditions meet, as it were, 
and where the excitability is unchanged. This has been 
called the neutral point. When the galvanic current is of 
moderate strength, this neutral point is about half-way be- 
tween the poles. " When a weak current is used, the neu- 
tral point approaches the positive pole, while in a strong 
current, it approaches the negative pole. In other words, in 
a weak current the negative pole rules over a wider territory 
than the positive pole, whereas in a strong current the posi- 
tive pole prevails." " 

Negative Variation. — ^There remains one curious phe- 
nomenon, discovered by Du Bois-Eeymond, which depends 

1 Matteucci, Fkhiomhifs phyneo-ehimiquet da corjm wivants, — Rftm$ dm 
oomrt $c%eniifique9, Paria, 18d7-*68, tome t., p. 679. 
* BuTHKRroRD, loc. cU.y p. 92. 
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upon the action of a rapidly-interrupted current applied to 
an excitable nerve. If a galvanometer be applied to a liv- 
ing nerve so as to indicate by its deviation the normal, or 
tranqml nerve-current, a rapidly-interrupted current of elec- 
tricity passed through a portion of the nerve, it is well 
known, produces a tetanic condition of the muscles. If we 
now watch the needle of the galvanometer, it will be ob- 
served to retrograde, and will finally return to zero, indi- 
cating that the proper nerve-current has been overcome. 
This wiU be observed to a slight degree imder the influence 
of mechanical or chemical stimulation of the nerve, the 
proper nerve-current being diminished, but generally not 
abolished. This variation of the needle under the influence 
of the tetanic condition has been called negative variation.* 
We do not yet know that it has any important physiological 
or pathological signiflcance. 

> Du Boib-Retmohd, Uhienuekunffm iiber Uderuehe ElektrtciUU^ Berlin^ 1849, 
Bd. il, a 425, et teq. 
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CHAPTER IV. 

SPINAL NERVES— MOTOR NERVES OF THE EYEBALL. 

Special nerves coming from the spinal cord — Cranial nerves — ^Anatomical classi- 
fication— -Physiological classification — Motor oculi communis (third nerve) 
— Physiological anatomy — Properties and functions — ^Influence upon cer- 
tain muscles of the eyeball — ^Action of the inferior oblique muscle— Influ- 
ence upon the movements of the iris — Patheticus, or trochlearis (fourth 
nerve) — ^Physiological anatomy — Properties and function — ^Action of the 
superior oblique muscle — ^Motor oculi extemus, or abducens (sixth nenre) 
— Physiological anatomy — Properties and function. 

Spinal Nerves. 

With a thorough knowledge of the general properties of 
the nerves belonging to the cerebro-spinal system, the func- 
tions of most of the special nerves are apparent simply from 
their anatomical relations. This is especially true of the 
spinal nerves; which, in general terms, are distributed to 
the muscles of the trunk and extremities, the sphincters, 
and to the integument covering these parts, the posterior 
segment of the head, and a portion of the mucous mem- 
branes. It is evident, therefore, that an account of the 
exact function of each nerv^ous branch would necessitate a 
full description, not only of the nerves, but of the muscles 
of the body, which is manifestly within the scope only of 
elaborate treatises on descriptive anatomy. It is sufficient 
to indicate, in this connection, that there are thirty-one pairs 
of spinal nerves ; eight cervical, twelve dorsal, five lumbar, 
five sacral, and one coccygeal. Each nerve arises from the 
spinal cord by an anterior (motor) and a posterior (sensory) 
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root ; the posterior roots being the larger, and having a gan- 
glion. Immediately beyond the ganglion, the two roots 
unite into a single mixed nerve, which passes out of the 
spinal canal by the intervertebral foramen. The nerve thus 
constituted is endowed with both motor and sensory prop- 
erties. It divides outside of the spinal canal into two 
branches, anterior and posterior, both containing motor and 
Be^sory filaments, which are distributed respectively to the 
anterior and posterior parts of the body. The anterior 
branches are the larger, and supply the limbs and all parts 
in front of the spinal column. 

The anterior branches of the four upper cervical nerves 
form the cervical plexus, and the four inferior cervical nerves, 
with the first dorsal, form the brachial plexus. The anterior 
branches of the dorsal nerves, with the exception of the first, 
supply the walls of the chest and abdomen. These nerves 
go directly to their distribution, and do not first form a 
plexus, like most of the other spinal nerves. The anterior 
branches of the four upper lumbar nerves form the lumbar 
plexus. The anterior branch of the fifth lumbar nerve and 
a branch from the fourth imite with the anterior branch of 
the first sacral, forming the lumbo-sacral nerve, and enter 
into the sacral plexus. The three upper anterior sacral 
nerves with a branch from the fourth form the sacral plexus. 
The greatest portion of the fourth anterior sacral is distrib- 
uted to the pelvic viscera and the muscles of the anus. The 
fifth anterior sacral and the coccygeal are distributed about 
the coccyx. 

The posterior branches of the spinal nerves are very sim- 
ple in their distribution. With one or two exceptions, which 
have no great physiological importance, these nerves pass 
backward from the main trunk, divide into two branches, 
external and internal, and their filaments of distribution go 
to the muscles and integument behind the spinal column. 

It is further important to note, as we shall have occasion 
to do more particularly in connection with the great sym- 
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pathetic nerve, that all of the cerebro-spinal nerves anas- 
tomose with the sympathetic. This anatomical connection 
between the two systems of nerves has great physiological 
interest. 

Cranial Nerves. 

The nerves which pass out from the cranial cavity present 
certain differences in their arrangement and genersd proper- 
ties from the ordinary spinal nerves. As we have seen, the 
spinal nerves are exceedingly simple, each one being formed 
by the tmion of a motor and a sensory root. The function of 
most of them follows as a matter of course when we imder- 
stand their general properties and anatomical distribution. 
Many of the cranial nerves, however, are peculiar, either as 
regards their general properties or in their distribution to 
parts concerned in special functions. In some of these 
nerves, the most important fects concerning their distribu- 
tion have only been ascertained by physiological experimen- 
tation, and their anatomy is inseparably connected with 
their physiology. It would be desirable, if it were possible, 
to classify these nerves with reference strictly to their prop- 
erties and functions ; but this can be done only to a certain 
extent, and we must adopt as a basis those divisions recog- 
nized iu the best works on anatomy. 

The two classifications of the cranial nerves adopted by 
most anatomists are the arrangement of Willis* and of Som- 
mering." The first of these is the more common, and in it 
the nerves are numbered from before backward in the order 
in which they pass out of the skull, making nine pairs.* 

* Willis, Cerebri Anatome: eui acee$sii Nervcrvm Deacriptio et Unts, Ixm- 
dini, 1664, p. 146, el aeq. 

• SoMMERiNO, De Ban Encephali d Originihw Nervorum^ Goettingae, 1778, 
p. 69, et aeq, 

' Haller adopted the classification of Willis, and his example has been fol- 
lowed by nearly all of the later anatomical and physiological writers, bat he dis- 
cards the tenth paur, the suboccipital, or first cervical nerve, originally reckoned 
by Willis with the cranial nerves (Haller, ElemerUa Phyaiologite^ Lausannse, 
1762, tomus iv., p. 240.) 
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Anatomical Clmdjication of the Cranial NeTvef<. 

First Pair. — Olfactory ; special nerve of smell. 

Second Pair. — Optic ; special nerve of sight. 

Third Pair. — ^Motor oculi communis ; motor nerve dis 
tribnted to all of the muscles of the eyeball, except the ex- 
ternal rectus and the superior oblique, to the iris, and the 
levator palpebrse. 

Fourth Pair. — ^Patheticus, or trochlearis ; a motor nerve 
sent to the superior oblique muscle of the eye. 

Fifth Pair. — A small motor root (nerve of mastication) 
distributed to the muscles of mastication, and a large root 
(the trifecial), the nerve of general sensibility of the face. 

Sixth Pair. — ^Motor oculi extemus, or abducens ; a mo- 
tor nerve passing to the external rectus muscle of the eye. 

Seventh Pair. — ^Portio mollis, or auditory, a special nerve 
of hearing ; and the portio dura, or facial ; a motor nerve 
distributed to the superficial muscles of the face. 

Eighth Pair. — Glosso-pharyngeal ; pneumogastric, or par 
yagum ; spinal accessory. Three mixed nerves, with quite 
extensive distributions. 

Ninth Pair. — Sublingual, or hypoglossal ; a motor nerve 
difitributed to the tongue.* 

Physiological Classification. 

(a.) Nerves of Special Seme. 
Olfactory. 

Optic. 

Auditory. 

Gustatory, comprising a part of the glosso-pharyngeal 
and a small filament from the fecial to the lingual branch of 
the fifth. 

' According to the dassificatioD of Sdmmering, the arrangement is the same 
for the first, seoond, third, foorth, fifth, and sixth. The facial is called the ser- 
enth ; the auditory, the eighth ; the glosso-pharyngeal, the ninth ; the pneumo- 
gastrio, the tenth ; the spinal accessory, the eleventh ; and the sublingual, the 
twelfth. 



Digitized by 



GoogI( 



126 KEBYOUS SYSTEM, 

(b.) Nerves of Motion. 

Nerves of motion of the eyeball ; comprising the motor 
oculi communis, the patheticus, and the motor oculi externus. 
Nerve of mastication, or motor root of the fifth. 
Facial, sometimes called the nerve of expression. 
Spinal accessory. 
Sublingual. 

(c.) Nerves of General SensibiUty, 

Trifacial, or large root of the fifth. 
A portion of the glosso-pharyngeal. 
Pneumogastric. 

In the above arrangement, the nerves are classified ac- 
cording to their properties at their roots. In their course, 
some of these nerves become mixed, and their branches are 
both motor and sensory, such as the pneumogastric and the 
inferior maxillary branch of the trifacial. 

The nerves of special sense are but slightly, if at all, en- 
dowed with general sensibility ; and, with the exception of 
the gustatory nerves, do not present a ganglion on their 
roots, in this, also, differing from the ordinary sensory 
nerves. They are capable, therefore, of conveying to the 
nerve-centres only certain peculiar impressions, such as 
odors, for the olfiictory nerves ; light, for the optic nerves ; 
sound, for the auditory nerves. The proper transmission of 
these impressions, however, involves the action of accessory 
organs, more or less complex ; and we will pass over the 
properties of these nerves until we come to treat in full of 
the special senses. 

Motor Oculi Com/munis {Third Nerve). 

The third cranial nerve is the most important of the 
motor nerves distributed to the muscles of the eyeball. Its 
physiology is readily understood in connection with its dis- 
tribution, the only point at all obscure being its relations to 
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the movements of the iris, upon which the results of experi- 
ments are somewhat eontradictoiy. As a preface to the 
study of the fimctions of this nerve, it is necessary to de- 
scribe its anatomical relations. 

Physiological Anatomy. — ^Like all of the cranial nerves, 
this has an apparent origin, where it separates from the en- 
eephalon, and a deep origin, which is the last point to which 
its fibres can bQ traced in the substance of the brain ; but 
the origin has not the physiological importance attached to 
its ultimate distribution. 

The apparent origin of the nerve is from the inner edge 
of the cms cerebri, directly in front of the pons Varolii, 
midway between the pons and the corpora albican tia. It 
presents here from eight to ten filaments, of nearly equal 
size, which soon unite into a single, rounded trunk. 

The deep origin of the nerve has been studied by dissec- 
tions of the encephalon fresh and hardened by difierent 
liquids. Yulpian, who has made a great number of very 
careful dissections of these nerves, has been able to follow 
the fibres from their apparent origin into the brain-substance 
as tar as the median line.* From the groove by which they 
emerge from the encephalon, the fibres spread out in a fan- 
shape, the middle filaments passing inward, the anterior, in- 
ward and forward, and the posterior, inward and backward. 
As the result of his observations, Yulpian concludes that 
the middle filaments pass to the median line, and decussate 
with corresponding fibres from the opposite side. The ante- 
rior filaments pass forward and are lost in the optic thala- 
mus. The posterior filaments pass backward, and decussate 
beneath the aqueduct of Sylvius. This apparent decussation 
of the fibres of origin of the third nerves is important in 
connection with the harmony of action of the muscles of 
the eyes and the iris upon the two sides. 

* VuLPiAJf, Esaai 9ur Vorigine de plusieurs pairea dea ner/a cramen$j Thh0f 
Parits 1853, p. 10, H $eq, 
109 
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The distribution of the third nerve is very simple. As 
it passes into the orbit by the sphenoidal fissure, it divides 
into two branches. The superior, which is the smaller, 
passes to the superior rectus muscle of the eye, and certain 
of its filaments are continued to the levator palpebrse supe- 
rioris. The inferior division breaks up into three branches. 
The internal branch passes to the internal rectus muscle ; 
the inferior branch, to the inferior rectus ; the external 
branch, the largest of the three, is distributed to the inferior 
oblique muscle, and, in its course, sends a short and thick 
filament to the lenticular, or ophthalmic ganglion of the 
sympathetic. It is this branch which is supposed, through 
the short ciliary nerves passing from the lenticular ganglion, 
to furnish the motor influence to the iris. 

In its course, this nerve receives a few very delicate fila- 
ments from the cavernous plexus of the sympathetic and a 
branch also from the ophthalmic division of the trifacial. 

Properties a/nd Functions of ths Motor Oouli Commtmis. 
— ^Irritation applied to the root of the third nerve in a living 
animal produces contraction of the muscles to which it is dis- 
tributed, but no pain. If the irritation, however, be applied 
a little farther on, in the course of the nerve, there are evi- 
dences of sensibility, which is readily explained by its com- 
munications with the ophthalmic branch of the trifacial. At 
its root, therefore, this nerve is exclusively motor, and its 
functions are connected entirely with the action of muscles. 
These facts have been experimentally demonstrated by Lon- 
get * and by Chauveau.* 

Most of the important facts bearing upon the functions 
of the motor oculi are clearly demonstrable by dividing the 
nei*ve in a living animal, and are illustrated by cases of its 

* LoNOET, TraUe de phystologie^ Paris, 1869, .tome iii., p. 654. 

• Chauveau, liechercJiea phynoiogiqites sur Vorigine apparenJle H sur VorigifU 
rMle de& nerft moteun eraniens.— Journal de la phyiioio^ Paris, 1862, tome 
▼., p. 274. 
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« 

paralysis in the human subject. Heroert Mayo was one of 
the first to experiment upon this nerve in animals living or 
just killed, but his observations were made chiefly with ref- 
erence to the movements of the iris/ Bernard,' Longet,* 
and all others who have divided the nerve in living animals, 
are agreed with regard to the phenomena following its sec- 
tion, which depend upon paralysis of the voluntary muscles. 
These phenomena are as follows : 

1. Falling of the upper eyelid, or blepharoptosis. 

2. External strabismus, immobility of the eye, except 
outward, inability to rotate the eye on its antero-posterior 
axis in certain directions, with slight protrusion of the eye- 
ball. 

3. Dilatation of the pupil, with a certain amount of in- 
terference with the movements of the iris. 

The falling of the upper eyelid is constantly observed 
after division of the nerve in living animals, and always fol- 
lows its complete paralysis in the human subject. An ani- 
mal in which the nerve has been divided cannot raise the lid, 
but can approximate the lids more closely, by a voluntary 
effort. In the human subject, the falling of the lid gives to 
the face a very peculiar and characteristic expression. The 
complete loss of power ^hows that the levator palpebr© su- 
perioris muscle depends upon the third nerve entirely for its 
motor filaments. In pathology, external strabismus is very 
frequently observed without falling of the lid, the filament 
disti'ibuted to the levator muscle not being affected. 

* Mato, Anatomical and PhyBidogical Cwnmentaries, Number ii., London, 
1828, p. 5 ; and, Ouiline$ of Human Physioloffy^ London, 182Y, p. 294. 

* Bernard, Lemons sur la physiologie et la pathologie du tysUme nerveuz^ Paris, 
1868, tome il, p. 204, et seq. 

Bernard gives the following directions for division of the third nerve in the 
rabbit : A small steel hook is introduced along the external wall of the orbit 
into the middle temporal fossa. With the hook the nerve is caught at the ante- 
rior extremity of the fold of the dura mater, which is attached to the sella tur- 
cica, and torn across. In this operation, there are generally evidences of pain 
from the ophthalmic branch of the fiflh as it is touched by the instrument 

^LoccU. 
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The external strabismus and the immobility of the eye- 
ball except in an outward direction are due to paralysis of 
the internal, superior, and inferior recti muscles, the external 
rectus acting without its antagonist ; a condition which re- 
quires no further explanation. These- points are well illus- 
trated by the experiment of dividing the nerve in rabbits. 
If the head of the animal be turned inward, exposing the 
eye to a bright light, the globe will turn outward, by the 
action of the external rectus ; but if the head be turned out- 
'ward, the globe remains motionless.* 

It is somewhat diflScidt to note the effects of paralysis of 
the inferior oblique muscle, which is also supplied by the 
third nerve. This muscle, acting from its origin at the infe- 
rior and internal part of the circumference of the base of 
the orbit to its attachment at the inferior and external part 
of the posterior hemisphere of the eyeball, gives to the 
globe a movement of rotation on an oblique, horizontal axis, 
downward and backward, directing the pupil upward and 
outward. When this muscle is paralyzed, the superior 
oblique, having no antagonist, rotates the globe upward and 
inward, directing the pupil downward and outward. The 
action of the oblique muscles is observed when we move the 
head alternately toward one shoulder and the other. In the 
human subject, when the inferior oblique muscle on one side 
is paralyzed, the eye cannot move in a direction opposite to 
the movements of the head, as it does upon the sound side, 
so as to keep the pupil fixed, and the patient has double 
vision.* 

When all the muscles of the eyeball, except the external 
rectus and superior oblique, are paralyzed, as they are by sec- 
tion of the third nerve, the globe is slightly protruded, simply 
by the relaxation of most of its muscles. An opposite action 
is easily observed in a cat with the facial nerve ditaded, so 
that it cannot close the lids. When the cornea is touched, 

> Bernard, he. ciL 

* LoNGET, Traitk de physiologie^ Paris, 1869, tome iii., p. 656. 
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all of the musdes, particularly the four recti, act to draw 
the globe into the orbit, which allows the lid to fall slight- 
ly, and projects the little membrane which serves as a third 
eyelid in these animals. 

Observations with regard to the influence of the third 
nerve upon the movements of the iris have not been so sat- 
isfectory in their results as those relating to the muscles of 
the eyeball. It will be remembered that this nerve sends a 
filament to the ophthalmic ganglion of the sympathetic, and 
that from this ganglion, the short ciliary nerves take their 
origin and pass to the iris. The ganglia of the sympathetic 
system receive branches both from motor and sensory nerves 
belonging to the cerebro-spinal system, and the ophthalmic 
ganglion is no exception to this rule. While it is undoubt- 
edly true that division of the third nerve affects the move- 
ments of the iris, it becomes a question whether this be a 
direct influence, or an influenpe exerted primarily upon the 
ganglion, not, perhaps, differing from the general effects 
upon the sympathetic ganglia that follow destruction of 
their branches of communication with the motor nerves. 
As yet we know little of the . reciprocal influences of the 
cerebro-spinal and the sympathetic system; but some of 
the researches of Bernard into the influence of the sym- 
pathetic ganglia upon the salivary secretion show that the 
submaxillary ganglion, at least, becomes paralyzed, or loses 
its influence over the secretion of the submaxillary gland, 
after it has been separated for a certain time from the cere- 
bro-spinal system.* These considerations, however, belong 
more properly to the sympathetic system. 

The most important experimental observations with re- 
gard to the influence of the third nerve on the iris are the fol- 
lowing : Herbert Mayo made experiments on thirty pigeons, 
living or just killed, upon the action of the optic, the third, 
and the fifth nerves on the iris. He states that when the 

' Berkabd, Recherehe$ expSrimeniaIe$ 8ur lea nerfs vasculaires et cahrifiqueB,'^ 
Journal de la phyaiologie^ Paris, 1862, tome ▼., p. 409. 
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third nerves are divided ia the cranial cavity in a living 
pigeon, the pupils become fully dilated, and do not contract 
on the admission of intense light; and, when the same 
nerves are pinched in the living or dead bird, the pupils are 
contracted for an instant on each injury of the nerves. The 
same results follow division or irritation of the optic nerves 
under similar conditions ; but when the third nerves have 
been divided, no change in the pupil ensues on irritating 
the entire or divided optic nerves.* 

The above experiments are accepted by nearly all physio- 
logical writers ; and the assumption is that the third nerves 
animate the muscular fibres that contract the pupil, the con- 
traction produced by irritation of the optic nerves being re- 
flex in its character. Later observers, however, have carried 
their experiments somewhat further. Longet divided the 
motor oculi and the optic nerve upon the right side. He 
found that irritation of the central end of the divided op- 
tic nerve produced no movement of the pupil of the side 
upon which the motor oculi had been divided, but caused 
contraction of the iris upon the other side. This, taken in 
connection with the fact that, in amaurosis affbcting one eye, 
the iris on the affected side will not contract under the stim- 
ulus of light applied to the same eye, but will act when the 
uninjured eye is exposed to the light, further illustrates the 
reflex action which takes place through these nerves.* 

The reflex action by which the iris is contracted is not 
instantaneous, like most of the analogous phenomena ob- 
served in the cerebro-spinal system, and its operations are 
rather characteristic of the sympathetic system and the non- 
striated muscular tissue. It has been found, also, by Ber- 
nard, in experiments upon rabbits, that the pupil is not 
immediately dilated after division of the third nerve. The 
method employed by Bernard, introducing a hook into the 

' Mjlto, Anatomical and Phynologicai CommenlarieB^ Number iL, London, 
1828, p. 4. 

• Longet, TraiU de pkytiologie^ Paris, 1869, tome iil, p. 566. 
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middle temporal fossa through the orbit and tearing the 
nerve, can hardly be accomplished without touching the 
ophthalmic branch of the fifth, which produces intense pain, 
and is always followed by a more or less persistent contrac- 
tion of the pupil. Several hours after the operation, how- 
ever, the pupil is generally found dilated, and may slowly 
contract when the eye is exposed to the light. In one ex- 
periment, this occurred after the eye had been exposed for 
an hour. But further experiments by Bernard show that 
although the pupil contracts feebly and slowly under the 
stimulus of light after division of the motor oculi, it will di- 
late under the influence of belladonna, and can be made to 
contract by operating upon other nerves. It is well known, 
for example, that division or irritation of the fifth nerve 
produces contraction of the pupil. This takes place after 
division of the third nerve as well as before. Section of the 
sympathetic in the cervical region also contracts the pupil, 
and this occurs after paralysis of the motor oculi.* These 
fects show that the third nerve is not the only one capable 
of acting upon the iris, and that it is not the sole avenue for 
the transmission of reflex influences. 

Bernard also found that galvanization of the motor oculi 
itself did not produce contraction of the pupil, but this re- 
sult followed when he galvanized the ciliary nerves coming 
from the ophthalmic ganglion.* Chauveau states, that in 
experiments upon horses, he has not observed contraction of 
the pupil following galvanization of the motor oculi, though 
he has sometimes seen it in rabbits." At all events, contrac- 
tion is by no means constant ; and when it occurs, it prob- 
ably depends upon stimulation of the ciliary nerves them- 
selves or irritation of the ophthalmic branch of the fifth, and 
not upon stimulation of the trunks of the third pair. 

> Berkaiu), SynUme nerveuxj Paris, 1868, tome it, p. 201, et seg. 

* Op ctt, p. 211. 

* Chauteau, HechercJies pkyticiogiquea sur Vorigine apparanU et mr Vorigine 
rMU <k$ ner/s moieun eraniem, — JoumaTde la physiologie^ Paris, 1862, tome 
T., p. 274. 
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The movements of the iris will be treated of agam, in 
connection with the physiology of vision ; but we may here 
allude to an interesting fact observed by Miiller, wliich re- 
lates to the action of the motores oculorum. When the eye 
is turned inward by a voluntary effort, the pupil is always 
contracted ; and when the axes of the two eyes are made to 
converge strongly, as in looking at near objects, the contrac- 
tion is very greati' 

The following case, kindly sent for examination by Dr. 
Althof, of the New York Eye Infirmary, illustrates, in the 
human subject, nearly all of the phenomena following pa- 
ralysis of the motor oculi communis in experiments upon 
the lower animals : 

The patient was a girl, nineteen years of age, with com- 
plete paralysis of the nerve upon the left side. There was 
slight protrusion of the eyeball, complete ptosis, with the 
pupil moderately dilated and insensible to ordinary im 
pressions of light. The sight was not affected, but there 
was double vision, except when objects were placed before 
the eyes so that the axes were parallel, or when an object 
was seen with but one eye. The axis of the left eye was 
turned outward, but it was not possible to detect any devia 
tion upward or downward. Upon causing the patient to 
incline the head alternately to one shoulder and the other, 
it was evident that the affected eye did not rotate in the 
orbit but moved with the head. This seemed to be a case 
of complete and uncomplicated paralysis of the third nervo 

PatheticuSj or TrocTdearis {Fourth Nerve). 

Except as regards the influence of the motor oculi com- 
munis upon the iris, the patheticus is to be classed with the 
other motor nerves of the eyeball. Its physiology is ex- 
tremely simple, and resolves itself into the action of a single 
muscle, the superior oblique. It will be necessary, there- 
fore, only to describe its origin, distribution, and connections. 
» MtJLLKB, ElemenU of Pk^^ogy^ London, 1840, voL I, p. 827. 
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Physiological Anatomy. — The apparent origin of the 
patheticufl is from the superior peduncles of the cerebellum ; 
but it may be easily traced to the valve of Vieussens. Ac- 
cording to Vulpian, the deep roots, which are covered by 
an extremeTy thin layer of nerve-substance, can be traced, 
passing from without inward, to the following parts : One 
filament is lost in the substance of the peduncles; other 
filaments pass from before backward into the valve of Vi- 
eussens and are lost, and a few pass into the frenulmn ; a 
few filaments pass backward and are lost in the corpora 
quadrigemina ; but the greatest number pass to the median 
line and decussate with corresponding filaments from the 
opposite side. Yulpian states that this decussation is quite 
as distinct as that of the anterior pyramids of the medulla 
oblongata, and that he has been able to follow fibres across 
the median line on either side.* The decussation of the 
fibres of origin of the fourth nerves has the same physio- 
logical significance as the decussation of the roots of the 
third. 

From this origin, the patheticus passes into the orbit by 
the sphenoidal fissure, and is distributed to the superior 
oblique muscle of the eyeball. In the cavernous sinus, it 
receives branches of communication from the ophthalmic 
branch of the fifth, but these are not closely united with the 
nerve. A small branch passes into the tentorium, and one 
joins the lachrymal nerve, these, however, being exclusively 
sensitive and coming from the ophthalmic branch of the 
fifth.* It also receives a few filaments from the sympathetic 

Properties <md Functions of the Patheticus, — ^Direct ob- 
servations upon the patheticus in living animals have shown 
that it is motor, and its galvanization excites contraction of 
the superior oblique muscle only. These facts have been 

* VcLPiAN, Eitai sur V<mgine de plutieun pairea des nerfs eramen$y Thi»«, 
farU, 1868, p. 16. 

• Sappey, Traits d'anatomie deaeripUve^ Paris, 18b2, tome iL, p. 209. 
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ascertained by Longet' and by Chauveau.* The question 
of the function of the nerve, therefore, resolves itself sim- 
ply into the mode of action of the superior obliqne muscle. 
This muscle arises just above the inner margin of the optic 
foramen, passes forward, along the upper wall of the orbit 
at its inner angle, to a little cartilaginous ring which serves 
as a pulley. From its origin to this point it is mnscular. 
Its tendon becomes rounded just before it passes through 
the pulley, where it makes a sharp curve, passes outward 
and slightly backward, and becomes spread out to be at- 
tached to the globe at the superior and external part of its 
posterior hemisphere. It acts upgn the eyeball from the 
pulley at the npper and inner portion of. the orbit as the 
fixed point, and rotates the eye upon an oblique, horizontal 
axis, from below upward, from without inward, and from 
behind forward. By its action, the pupil is directed down- 
ward and outward. It is the direct antagonist of the in- 
ferior oblique, the action of which has been described in 
connection with the motor oculi communis. When the pa- 
theticus is paralyzed, the eyeball is immovable, as far as 
rotation is concerned ; and when the head is moved toward 
the shoulder, the eye does not rotate to maintain the globe 
in the same relative position, and we have double vision.* 

Motor Oculi EdemuSy or Abducena {Sixth Iferve). 

Like the patheticns, the motor oculi extemus is distrib- 
uted to but a single muscle, the external rectus. Its uses, 
therefore, are apparent from a study of its properties and 
distribution. 

Physiological Anatomy, — The apparent origin of the 
sixth nerve is from the groove which separates the anterior 

» LoMOET, TraiU de pkynologie^ Paris, 1869, tome iii., p. 659. 

• Chauvkau, Jiecherches physiologiques sur Vorigine apparanie d wr Variffim 
ritile dc8 nerfa moteurs cranieru, — JowjumI de la phytichgU^ Paris, 1862, tome v., 
p. 276. 

* See page 180. 
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corpus pyramidale of the medulla oblongata from the pous 
Varolii, and from the upper portion of the medulla and the 
lower portion of the pons next the groove. Its origin at 
this point is by two roots : an inferior, which is the larger, 
and comes from the corpus pyramidalo ; and a superior root, 
sometimes wanting, which seems to come from the lower 
portion of the pons. All anatomists are agreed that the 
deqp fibres of origin of this nerve pass to the gray matter 
in the floor of the fourth ventricle. Vulpian has followed 
these fibres to within about two-fifths of an inch of the me- 
dian line, but could not trace them beyond this point.* It 
is not known that the fibres on the two sides decussate. 

From this origin, the nerve passes into the orbit by the 
sphenoidal fissure, and is distributed exclusively to the ex- 
ternal rectus muscle of the eyeball. In the cavernous sinus, 
it anastomoses with the sympathetic through the carotid 
plexus and Meckel's ganglion. It also receives sensitive 
filaments from the ophthalmic branch of the fifth. It is 
stated by Longet,* Sappey,* and others, that this nerve occa- 
sionally sends a small filament to the ophthalmic ganglion ; 
and it is supposed by Longet that this branch, which is ex- 
ceptional, exists in those cases in which paralysis of the mo- 
tor oculi conmiunis, which usually furnishes all the motor 
filaments to this ganglion, is not attended with immobility 
of the iris. 

Properties cmd luncHons 6f the Motor Oculi Exiemue. 
— ^Direct experiments, the most satisfactory being those of 
Longet * and of Chauveau,' have shown that the motor oculi 
communis is entirely insensible at its origin, its stimulation 
producing contraction of the external rectus muscle and no 

• Vulpian, Esaai 9ur Vorigine de pivneitn paires des nerfs rachidieru^ Thke, 
Paris, 1858, p. 29. 

• Longet, TraiU de pkysiologie^ Paris, 1869, tome ill., p. 561. 

• Sappet, Traitl d'anaiomie descriptive^ Paris, 1852, tome ii., p. 249. 

• LoNOET, op. eii,^ tome iiL, p. 560. 

• CHAirrEAU, op. eU. — Journal de la phytiologie^ Paris, 1862, tome v., p. 275. 
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pain. The same experiments illustrate the function of the 
nerve, inasmuch as its irritation is followed by powerful con- 
traction of the muscle and deviation of the eye outward. 
Division of the nerve in the lower animals or its paralysis 
in the human subject is attended with internal, or converg- 
ing strabismus, from the imopposed action of the internal 
rectus muscle. 

"With regard to the associated movements of the eyeball, 
it is a curious fact that all of the muscles of the eye that 
have a tendency to direct the pupil inward or to produce 
the simple movements upward and downward ; viz., the in- 
ternal, inferior, and superior recti, are animated by a single 
nerve, the motor oculi communis, this nerve also supplying 
the inferior oblique ; and that each muscle that has a ten- 
dency to move the globe so as to direct the pupil outward, 
except the inferior oblique ; viz., the superior oblique and 
the external rectus, is supplied by a special nerve. The 
various movements of the eyeball will be studied more 
minutely in connection with the physiology of vision. 
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MOTOR NERVES OF THE FACE. 

Kenre of mastication (the small, or motor root of the fifth)— Physiological anat- 
omy — ^Deep origm — Distribution — ^Properties and functions of the nerve 
of mastication — ^Facial nerve, or nerve of expression (the portio dura of the 
seventh) — Physiological anatomy — Intermediary nerve of Wrisberg — ^De- 
cussation of the fibres of origin of the facial — ^Alternate paralysis — Course 
and distribution of the facial — ^Anastomoses with sensitive nerves — Summary 
of the anastomoses and distribution of the facial — Properties and functions 
of the facial — ^Functions of the branches of the facial within the aqueduct 
of Fallopius — ^Functions of the chorda tympani — Infiuence of various 
branches of the facial upon the movements of the palate and uvula — ^Func- 
tions of the external branches of the facial 

The motor nerves of the face are, the small, or motor 
root of the fifth, and the portio dura of the seventh, or the 
fecial. The first of these nerves is distributed to the deep 
muscles, those concerned in the act of mastication, and the 
second, the fecial, supplies the superficial muscles of the face, 
and is sometimes called the nerve of expression. These 
nerves are not so simple in their anatomy and physiology as 
the motor nerves of the eyeball. The nerve of mastication, 
at its origin, is deeply situated at the base of the brain, and 
is exposed and operated upon with diflSculty. It passes out 
of the cranium, closely united with one of the great sensitive 
branches of the fifth, and its distribution has been most suc- 
cessftilly studied by experiments in which it is divided in the 
cranial cavity. The origin of the facial is also reached with 
great difllculty. It communicates with other nerves, and 
its physiology has been most satisfactorily studied by di- 
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viding it at its origin or in different portions of its course. 
In treating of these nerves, we shall first, as in the case of 
the motor nerves of the eye, study their properties at their 
roots, noting the phenomena following their galvanization 
and section. It will be necessary, also, to describe their ori- 
gin and distribution, as far as has been ascertained by dissec- 
tion. 

Nerve of MasUcation {the SmaU^ or Motor Boot of the 

Fifth). 

The motor root of the fifth nerve is entirely distinct from 
its sensitive portion, until it emerges from the cranial cavity 
by the foramen ovale. It is then closely united with the 
inferior maxillary branch of the large root ; but at its origin 
it has been shown to be motor, and its section in the cranial 
cavity has demonstrated its distribution to a particular set 
of muscles. 

Phydological Anatomy. — The apparent origin of tlie 
fifth nerve is from the lateral portion of the pons Varolii. 
The small, or motor root arises from a point a little higher 
and nearer the median line than the large root, from wliich 
it is separated by a few fibres of the white substance of the 
pons. The most satisfiactory investigations with regard to 
the deep origin of the small root are those of Vulpian. Ac- 
cording to this observer, the dissections should be made after 
the specimen has been kept in alcohol for about fifteen days, 
and before the parts are thoroughly hardened. At the point 
of apparent origin, the small root presents from six to eight 
rounded filaments. If a thin layer of the pons covering 
these filaments be removed, the roots will be found pene- 
trating its substance, becoming flattened, passing under the 
superior peduncles of the cerebellum, and going to the ante- 
rior wall of the fourth ventricle. At this point, they change 
their direction, passing now from without inward, and from 
behind forward toward the median line, the fibres diverging 
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rapidly. The posterior fibres pass to the median line, and 
Viilpian has seen certain of these decussate with fibres from 
the opposite side. The anterior fibres pass toward the aque- 
duct of Sylvius and are lost. The fibres become changed in 
tlieir character when they are followed inward beyond the 
anterior wall of the fourth ventricle. Here they lose their 
white color, become gray, and present numerous globules of 
gray substance between their filaments.* 

From the origin above described, the small root passes 
beneath the ganglion of Gasser, from which it sometimes, 
though not constantly, receives a filament of communication, 
lies behind the inferior maxillary branch of the large root, 
and passes out of the cranial cavity by the foramen ovale. 
Within the cranium, the two roots are distinct ; but after the 
small root passes through the foramen, it is united by a mu- 
tual interlacement of fibres with the sensitive branch." 

The course of the motor root of the fifth possesses little 
physiological interest. It is sufficient in this connection to 
note that the inferior maxillary nerve, made up of the motor 
root and the inferior maxillary branch of the sensitive root, 
just after it passes out by the foramen ovale, divides into 
two branches, anterior and posterior. The anterior branch, 
which is the smaller, is composed almost entirely of motor 
filaments, and is distributed to the muscles of mastication. 
It gives off five branches. The first of these passes to be 
distributed to the masseter muscle, in its course occasionally 
giving off a small branch to the temporal muscle and a fila- 
ment to the articulation of the inferior maxillary with the 
temporal bone. The two deep temporal branches are dis- 
tributed to the temporal muscle. The buccal branch sends 
filaments to the external pterygoid and to the temporal 
muscle, and a small branch is distributed to the inter- 
nal pterygoid muscle. From the posterior branch, which 

* VuLPiAN, JSaaai mr Vorigine de plusieurs paires des ner/s eranienSy Thke^ 
Paris, 1858, p. 21. 

* Safpst, Traits dTanaiofnie descriptive^ Paris, 1852, tome li., p. 288. 
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is chiefly sensitive, but contains some motor filaments, 
branches are sent to the mylo-hyoid muscle, and to the an- 
terior belly of the digastric. In addition, the motor branch 
of the fifth sends filaments to the tensor muscles of the ve- 
lum palati. 

The above description shows, in general terms, the dis- 
tribution of the nerve of mastication, without taking into 
consideration its various anastomoses, the most important 
of which are with the facial. Physiological experiments 
have shown that the buccinator muscle receives no motor 
filaments from the fifth, but is supplied entirely by the facial. 
Mayo found that pinching the branch of the fifth which 
penetrates the buccinator muscle produced no action upon 
it.* Longet has galvanized the buccal branch of the fifth 
without producing contraction of this muscle, which always 
contracts upon galvanizing the facial." The buccal branch 
of the fifth sends motor filaments only, to the external ptery- 
goid and the temporal, its final branches of distribution be- 
ing sensitive and going to integument and mucous mem- 
brane. 

In another volume we have given a table of the muscles 
of mastication, with a description of their action.* It will 
be seen by this table that the following muscles depress 
the lower jaw ; viz., the anterior belly of the digastric, 
the mylo-hyoid, the genio-hyoid, and the platysma myoides. 
Of these, the digastric and the mylo-hyoid are animated by 
the motor root of the fifth ; the genio-hyoid is supplied by 
filaments from the sublingual ; and the platysma myoides, by 
branches from the facial and from the cervical plexus. All 
of the muscles which elevate the lower jaw and move it lat- 
erally and antero-posteriorly ; viz., the temporal, masseter, 
and the internal and external pterygoids, the muscles most 

• Mayo, Anatomical and Phytiologieal Commentaries^ Number li., London, 
1828, p. 8. 

• Longet, Traiti de phyBwlogie^ Paris, 1869, tome iii., p. 568. 

• See vol iu, Digestion, p. 147, et uq. 
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actively concerned in mastication, are animated by the mo- 
tor root of the fifth. 

Propertiea and Functions of the Nerve of Mastication, — 
The anatomical distribution of the small root of the fifth 
neire points at once to its fmiction. Charles Bell, whose 
ideas of the nerves were derived almost entirely from their 
anatomy, called it the nerve of mastication, in 1821, though 
he docs not state that any experiments were made with re- 
gard to its fimction.* All anatomical and physiological 
writers since that time have adopted this view. It would be 
diflScnlt, if not impossible, to galvanize the root in the cra- 
nial cavity in a living animal ; but its galvanization, prob- 
ably in an animal just killed, has been shown by Longet, 
before 1842, to determine very marked movements of the 
lower jaw." Longet states in his work on physiology that 
no contractions of the muscles of mastication are product^d 
when the large root of the fifth alone is galvanized. The 
experiments demonstrating this fact were made on horaes 
and dogs, operating upon the roots of the nerves after re- 
moving the cerebral lobes.' Chauveau also foimd that gal- 
vanization of the small root of the fifth produced contrac- 
tion of the muscles which elevate the lower jaw suflSciently 
sndden and violent to break sometimes, in old horses, little 
fragments from the irregular surfaces of the teeth.* 

The above experiments are sufficient to show the physio- 
logical properties of the small root, which is without doubt 
solely a nerve of motion. 

1 Bell, On the Nerves; ffiving an Account of wme Experiments on their 
Structure and Functions^ which lead to a New Arrangement of the System,^ 
Philosophical Transactions^ London, 1821, Part L, p. 417. 

' LoNG£T, Auatomie et physioUygie du systhne ncrveux^ Paris, 1842, tome iL, 
p. 190. 

• LoKOET, TraiU de physiologie, Paris, 1869, tome iii., p. 662. 

* Chadveau, Recherches physioloffiques sur Vorigine apparanie et sur Vorigins 
rielU des ner/s moteurs craniens. — Journal de la p/iysiologie^ Paria, 1862, tome 
T., p. 276. 

110 



Digitized by 



GoogI( 



144: NEEV0U8 SYSTEM. 

The observations upon the division of the fifth pair in 
the cranial cavity, made by Fod^ra, Mayo, Magendie, Ber- 
nard, and others, are most interesting in connection with the 
functions of its sensitive branches, and will be referred to in 
detail in treating of the properties of the large root. In ad- 
dition to the loss of sensibility following section of the entire 
nerve, Bernard has noted carefully the effects of division of 
the small root, which cannot be avoided in the operation. 
In rabbits, the paralysis of the muscles of mastication upon 
one side, and the consequent action of the muscles upon the 
unaffected side only, produce, a few days after the opera- 
tion, a remarkable change in the appearance of the incisor 
teeth. As the teeth in these animals are gradually worn 
away in mastication and reproduced, the lower jaw being 
deviated by the action of the muscles of the sound side, the 
upper incisor of one side and the lower incisor of the other 
tojich each other but slightly and the teeth are worn uneven- 
ly. This makes the line of contact between the four incisors, 
when the jaws are closed, oblique instead of horizontal.* We 
have often divided the fifth pair in the cranial cavity in rab- 
bits, by the method employed by Magendie and Bernard, 
and have repeatedly verified these observations. 

There is little left to say with, regard to the functions of 
the motor root of the fifth nerve, in addition to our descrip- 
tion of the action of the muscles of mastication, contained in 
the volume on digestion,* except as regards the action of the 
filaments sent to the muscles of the velum palati. In deg- 
lutition, the muscles of mastication are indirectly involved. 
This act cannot be well performed unless the mouth be 
closed by these muscles. When the food is brought in con- 
tact with the velum palati, muscles are brought into action 
which render this membrane tense, so that the opening is 
adapted to the size of the alimentary bolus. These muscles 

* Bebnard, LefOHM tur la phy»iologi4 ei la pcUholopie du syatime nenma^ 
Paris, 1868, tome il, p. 100. 

' See ToL ii., Digestion, p. 147, ei teq. 
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are animated by the motor root of the fifth. This nerve, 
then, is not only the nerve of mastication, animating all of 
the muscles concerned in this act, except two of the most 
unimportant depressors of the lower jaw (the genio-hyoid 
and the platysma myoides), but it is concerned indirectly in 
deglutition. 

Facial Iferve^ or Nerve of Expression (the Portio dura of 
the Seventh). 

The fecial, the portio dura of the seventh according to 
the arrangement of Willis, is one of the most interesting of 
the cranial nerves. Its anatomical relations are quite intri- 
cate, and its communications with other nerves, very numer- 
ous. As far as can be determined by experiments upon 
living animals, this nerve is exclusively motor at its origin ; 
but in its course it presents anastomoses with the sympa- 
thetic, with branches of the fifth, and with the cervical 
nerves, undoubtedly receiving sensory filaments. While 
the chief physiological interest attached to this nerve de- 
pends upon its action upon muscles, it is important to study 
its origin, distribution, and communications. 

Physiological Analomy, — The portio dura of the seventh 
has its apparent origin from the lateral portion of the me- 
dulla oblongata, in the groove between the olivary and the 
restiform body, just below the border of the pons Varolii, its 
trunk being internal to the trunk of the portio mollis, or au- 
ditory nerve. It is separated from the auditory by the two 
filaments constituting what is known as the intermediary 
nerve of Wrisberg, or the portio inter duram et mollem. 
As this little nerve joins the facial, it must be included in 
its root. It is called the accessory root by Sappey.^ 

There are certain pathological considerations which ren- 
der the deep, or real origin of the facial a question of the 

> Sappet, Traite d'aruUomie descriptive, Paris, 1862, tome ii., p. 251. 
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greatest interest and importance. In hemiplegia from in- 
jury of the substance of the encephalon, particularly from 
haemorrhage, there is almost always more or less paralysis 
of the superficial muscles of the face. It has been observed 
that in certain cases, the facial paralysis exists upon the 
same side as the hemiplegia, the side opposite to the cere- 
bral lesion, while in others, the palsy of the face is on the 
same side as the lesion, the general hemiplegia being, as 
usual, upon the opposite side. To explain these phenomena 
theoretically, we must assimie that in some cases, the brain- 
lesion is to be located at a point where it involves the fila- 
ments of origin of the facial, following them from without 
inward, before they decussate, which would produce fecial 
paralysis on the same side as the lesion and none on the side 
affected with general hemiplegia ; while in other cases, the 
injury to the brain involves the roots of the facial after they 
have decussated, when the paralysis of the face would be on 
the same side as the paralysis of the rest of the body. It 
would be interesting to see how far these pathological facts, 
with their theoretical explanation, correspond with anatomi- 
cal researches into the real origin of the nerves. 

Many anatomists have endeavored to trace the fibres of 
the facial from their point of emergence from the encepha- 
lon to their true origin, but with results not entirely satis- 
factory. At the present day, it is pretty generally agreed 
that the fibres pass inward, with one or two deviations from 
a straight course, to the fioor of the fourth ventricle, where 
they spread out and become fan-shaped. In the fioor of the 
fourth ventricle, certain of the fibres have been thought to 
terminate in the cells of the gray substance, and others have 
been traced to the median line, where they decussate ; the 
course of most of the fibres, however, has never been satis- 
fectorily established. 

It is evident, from physiological experiments, that the 
decussation of the fibres in the floor of the fourth ventricle 
itself is not very important. Vulpian has made, in dogs 
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and rabbits, a longitudinal section in the middle line of the 
ventricle, which would necessarily have divided the fibres 
passing from one side to the other, without producing nota- 
ble paralysis of the facial nerves upon either side.* This 
single fact is sufficient to show that the main decussation^ of 
the fibres animating the muscles of the face takes place, if 
at all, at some other point. 

The following curious phenomenon, however, resulting 
from this section, was noted by Vulpian : He found that 
although there was no apparent paralysis of the orbicularis 
muscle of the eye upon either side, the synchronism of the 
movements of the two muscles seemed to be destroyed. It 
is well known that in manj and in many of the lower ani- 
mals, there is an involuntary action of these muscles simul- 
taneously on the two sides in winking. After a longitudinal 
section in the median line of the floor of the fourth ventri- 
cle, the animals winked with either eye alternately, or with 
one eye for a time without closing the other, but there was 
no simultaneous action of the muscles on the two sides.* 

The pathological fects bearing upon the question of de- 
cussation of the filaments of origin of the facial have long 
been recognized. They are, in brief, as follows: When 
there is a lesion of the brain-substance anterior to the pons 
Varolii, the phenomena due to paralysis of the focial are 
observed on the same side as the hemiplegia, opposite to the 
side of injury to the brain. When the lesion is either in the 
pons or below it, the face is affected on the same side, and 
not on the side of the hemiplegia. In view of these facts, 
the remarkable phenomenon of hemiplegia upon one side 
and facial paralysis upon the other is regarded as indi- 
cating, with tolerable certainty, that the injury to the brain 
has occurred upon the same side as the facial paralysis, 
either in or posterior to the pons Varolii. It is unnecessary 

' ViJLPiAW, LefOfu aur la phytiologie gMrdle H eomparie du tytihne nerveuXy 
P^ 1866, p. 480. 

• VctPiAK, op, cil, p. 481. 
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to enter into a farther discussion of these facts, which are ac- 
cepted by nearly all writers upon diseases of the nervous sys- 
tem, and may be regarded as settled ; * and the only question 
is, how far they can be explained by the anatomy of the parts. 

As we have just seen, the fibres of origin of the £icial 
have been traced to the floor of the fourth ventricle, where 
a few decussate, but the rest are lost. The question now is, 
whether or not the fibres pass up through the pons, and de- 
cussate above, as the pathological facts just noted would 
seem to indicate. Anatomical researches upon this point 
are entirely unsatisfactory ; and the existence of such a de- 
cussation has never been clearly demonstrated. The patho- 
logical observations, nevertlieles&, remain ; and, however in- 
definite anatomical researches may have been, there can be 
no doubt that lesions in one-half of the pons aifect the facial 
upon the same side, while lesions above have a crossed ac- 
tioh. The most that we can say upon this point is, that it 
is a reasonable inference from pathological facts that the 
nerves decussate anterior to the pons. 

It will be only necessary to describe in a general way the 
course of the fibres of distribution of the facial. The main 
root of the facial, the auditory nerve, and the delicate inter- 
mediary nerve of Wrisberg pass together into the internal 
auditory meatus. At the bottom of the meatus, the facial 
and the nerve of Wrisberg enter the aquseductus Fallopii, 
following its course through the petrous portion of the tem- 
poral bone. In the aqueduct, the nerve of Wrisberg pre- 
sents a little ganglioform enlargement, of a reddish color, 
which has been shown to contain nerve-cells.* The main 

* The reader is referred for a fuller consideration of these points to the re- 
cent standard works upon practical medicine. The most complete collection of 
cases of the so-called alternate paralysis was published by Gubler, in the (To. 
xetie hebdomadaire de mkdecine ei chirurffie^ Paris, 1866, and in the volumes of 
the same journal for 1868 and 1869. A characteristic case has lately been re- 
ported by Prof. Hammond, in the- Journal of Ptychological Medicine, New Torit, 
1871, vol v., p. 14. 

* Sappey, Traiie d*anatomie descripUve, Paris, 1862, tome il, p. 264. 
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root and the intermediary nerve then unite and form the 
common trunk of the facial, which emerges from the cranial 
cavity by the stylo-mastoid foramen. 

In the aquseductus Fallopii, the facial gives off numerous 
branches, as follows : 

1. The large petrosal branch is given off from the gan- 
ghoform enlargement, and goes to Meckel's ganglion. 

2. The small petrosal branch is given off at the ganglio- 
form enlargement, or a very short distance beyond it, and 
passes to the otic ganglion. 

3. A small branch, the tympanic, is distributed to the 
stapedius muscle. 

4. The chorda tympani, a branch of great physiological 
interest, passes through the cavity of the tympanum, and 
joins the lingual branch of the inferior maxillary division 
of the fifth as it passes between the two pterygoid muscles, 
with which nerve it becomes closely united. 

5. Opposite to the point of origin of the chorda tym- 
pani, a communicating branch passes between the facial and 
the pneumogastric, connecting these nerves by a double in- 
osculation. 

The five branches above described are given off in the 
aquseductus Fallopii.* The following branches are given off 
after the nerve has emerged from the cranial cavity : 

1. Just after the facial has passed out at the stylo-mastoid 
foramen, it sends a small communicating branch to the 
glosso-pharyngeal nerve. According to Sappey, this branch 
is sometimes wanting.* 

2. The posterior auricular nerve is given off by the facial 
a little below the stylo-mastoid foramen. Its superior branch 
is distributed to the retrahens aurem and the attoUens aurem. 

' In the coarse of the facial in the aqueduct, two branches are sometimes 
described, one going to the auditory, and another to the sympathetic filaments 
accompanying the middle meningeal artery ; but their existence is denied by 
many anatomists. 

• Sappey, TraiU tTanaiomie dactiptivey Paris, 1862, tome ii., p. 269. 



Digitized by 



GoogI( 



150 NERVOUS SYSTEM. 

In its course, tills nerve receives a communicating branch 
of considerable size from tlie cervical plexus, by the auricu- 
laris magnus. It sends some filaments to the integument. 
The inferior, or occipital branch, the larger of the two, is 
distributed to the occipital portion of the occipito-frontalis 
muscle and to the integument. 

3. The digastric branch is given off near the root of the 
posterior auricular. It is distributed to the posterior belly 
of the digastric muscle. In its course, it anastomoses with 
filaments from the glosso-pharyngeal nerve. From the 
plexus formed by this anastomosis, filaments are given off 
to the digastric and to the stylo-hyoid muscle. 

4. !Near the stylo-mastoid foramen, a small branch is 
given off, which is distributed exclusively to the stylo-hyoid 
muscle. 

5. Kear the stvlo-mastoid foramen, or sometimes a little 
above it, a long and exceedingly delicate branch is given off, 
which is not noticed in most works on anatomy. It is de- 
scribed, however, by Hirschfeld, under the name of the lin- 
gual branch.* It passes behind the stylo-pharyngeal muscle, 
and then by the sides of the pharynx to the base of the 
tongue. In its course, it receives one or two branches from 
the glosso-pharyngeal nerve, which are nearly as large as the 
original branch from the facial. As it passes to the base of 
the tongue, it anastomoses again by numerous filaments 
with the glosso-pharyngeal. It then sends filaments of dis- 
tribution to the mucous membrane, and finally passes to the 
stylo-glossus and the palato-glossus muscle. 

Having given off these branches, the trunk of the facial 
passes through the parotid gland, dividing into its two great 
terminal branches. 

1. The temporo-facial branch, the larger, passes upward 
and forward to be distributed to the superficial muscles of 
the upper part of the face ; viz., the attrahens aurem, the 

^ LuDOVic Hirschfeld, Tralik et iconographie du tysikme nerveux^ Paris, 1866, 
p. 206, and, AiUu, PI. xxx., Figs. 2, 18. 
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frontal portion of the occipito-frontalis, the orbicularis pal- 
pebrarum, corrugator supercilii, pyramidalis nasi, levator 
labii Buperioris, levator labii superioris ateque nasi, the dila- 
tors and compressors of the nose, part of the buccinator, 
the levator anguli oris, and the zygomatic muscles. In its 
course, it receives branches of communication from the au- 
riculo-temporal branch of the inferior maxillary nerve. It 
joins also with the temporal branch of the superior maxil- 
lary and with branches of the ophthalmic. In its course, it 
thus becomes a mixed nerve, and is distributed in part to 
integument. 

2. The ccrvico-facial nerve passes downward and forward 
to supply the buccinator, orbicularis oris, risorius, levator 
labii inferioris, depressor labii inferioris, depressor anguli 
oris, and platysma. 

Summary of the Anastomoses and Distribution of the 
Facial. — In the aquceductus FaUopii, filaments of communi- 
cation go to Meckel's ganglion and the otic ganglion of the 
sympathetic. The chorda tympani joins the lingual branch 
of the inferior maxillary division of the fifth. A branch is 
also sent to the pneumogastric. After the nerve has passed 
out by the stylo^mastoid foramen, it sends a communicating 
branch to the glosso-pharyngeal, and receives a branch from 
the auricularis magnus. It anastomoses, also, outside of the 
cranium, with the glosso-pharyngeal. In the course of the 
nerve, it receives anastomosing filaments from the three 
great divisions of the fifth. 

It is thus seen that the facial, in its course, receives nu- 
merous filaments ft'om the great sensitive nerve of the face. 
Certain of its fibres of distribution go to integument. 

The muscles supplied by the facial are the stapedius, and 
probably the tensor tympani, of the internal ear, the muscles 
of the external ear, the occipito-frontalis, the posterior belly 
of the digastric, the stylo- hyoid, the stylo-glossus, and .the 
palato-glossus. The two great branches of distribution, the 
temporo-facial and the cervico-facial, are distributed to all of 
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the superficial muscles of the face, leaving the deep muscles, 
or the muscles of mastication, to be supplied by the motor 
root of the fifth. In addition, it supplies in part the platys- 
ma myoides. "We have »ilready seen that the buccal branch 
of the small root of the fifth is not distributed to the 
buccinator, but that this muscle is supplied exclusively by 
branches from the facial.* 

Properties and Function of the Facial Nerve. — ^It has 
long been recognized that the facial is the motor nerve of 
the superficial muscles of the face, and that its division pro- 
duces paralysis of motion and no marked eflfects upon sensa- 
tion. It is evident, also, from the numerous communica- 
tions of the facial with the fifth, that it probably contains in 
its course sensitive fibres. Indeed, all who have operated 
upon this nerve have found that it is slightly sensitive after 
it has emerged from the cranial cavity. It is a question, 
however, of great importance to determine, whether or not 
the facial be endowed with sensibility by virtue of its own 
fibres of origin. The main root is evidently from the motor 
tract, resembles the anterior roots of the spinal nerves, and 
is distributed to muscles ; but this is joined by the interme- 
diary nerve of Wrisberg, which presents a small enlarge- 
ment, imdoubtedly containing nerve-cells, somewhat analo- 
gous to the ganglia upon the posterior roots of the spinal 
nerves. 

If the facial possess any sensibility at its root, it is but 
slight. In the early experiments of Sir Charles Bell, irrita- 
tion of the facial exposed in an ass apparently produced no 
pain,* but the roots were not exposed in the cranial cavity. 
Magendie, on the other hand, in repeating these observa- 
tions, found the nerve distinctly sensitive.* Longet, and 

* See page 142. 

* Bell, On the Nerves^ etc. — PhUosophietU Trcmsadions, London, 1821, Part 
1., pp. 418, 418. 

* Maobndik, Journal de phytiologie^ Paris, 1822, tome iL, p. 67, note. 
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most other experimenters, have also demonstrated the sen- 
sibility of the nerve after it has passed out of the cranial 
cavity,' except the inferior branch, in which Magendie and 
others have found no evidences of pain on irritating it in 
living animals.* Experiments have further shown that the 
fecial derives its sensibility in greatest part from the fifth 
pair ; for section of the latter within the cranial cavity'has 
been foimd by Magendie to destroy the sensibility of the 
seventh.* It is probable, however, from other experiments, 
by Bernard, that the pain produced by section of the fifth 
interfered with the experiment, and that a part of the sensi- 
bility of the facial is derived from a communicating branch 
from the pneumogastric. Bernard exposed the facial, with 
this communicating branch, and found it sensitive ; but af- 
ter division of the branch from the pneumogastric, which 
produced considerable pain, the sensibility of the facial was 
destroyed.* 

Direct observations upon the properties of the facial as it 
penetrates the auditory canal, and before it has received any 
anastomosing branches from sensitive nerves, must be to a 
certain extent unsatisfactory. All who have experimented 
upon the nerves know that the pain and depression which 
attend so serious an operation as that of exposing the roots 
of a nerve in the cranial cavity are suflScient to render it 
doubtftd whether the parts be in a condition to exhibit a 
slight degree of sensibility, which the nerves may possess 
when perfectly normal. Magendie * and Bernard,* who have 
exposed the roots of origin of the facial, state unreservedly 
that they are absolutely insensible ; but Longet very justly 

* Longet, TraUi de phytiologie^ Paris, 1869, tome iii., p. 667. 

* Magendie, Lepons mr lea fonctiam et lea matadiea du ayathne nervettx, Paris, 
1841, tome ii., p. 181. 

* Magendie, op. ciL, p. 222. 

* Bernard, Lefcna aur la phyaiologie et lapaihologie du ayathne nerveux^ Paris, 
1868, tome ii., p. 28. 

' Magendie, Syathne nerveux, Paris, 1841, tome ii., p. 208. 

* Bernard, Syatime nerveux, Paris, 1858, tome ii., p. 28. 
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remarks that the conditions under which such observations 
are made have not been, in his hands, sufficiently favor- 
able to admit of a rigorous conclusion on this point.* The 
testimony of direct experimentation is in favor of tlie in- 
sensibility of the facial at its origin. It is true that the 
intermediary nerve of Wrisberg has a certain anatomical 
resemblance to the sensitive nerves, chiefly by virtue of its 
ganglioform enlargement ; but direct experiments are want- 
ing to show that it is actually sensitive. In view of this 
feet, it is impossible to reason conclusively from its anatomi- 
cal characters alone. 

The most convenient way to consider the functions of 
the facial will be to take up seriatim the properties and dis- 
tribution of its different branches. 

Junctions of the Branches of the Facial within the Ague- 
diu!t of FaJlopius. — The first branch, the large petrosal, is 
the motor root of Meckel's ganglion. This will be referred 
to again in connection with the sympathetic system. The 
second branch, the small petrosal, is one of the motor roots 
of the otic ganglion of the sympathetic. It is thought by 
Longet that this branch simply passes through the ganglion 
to be distributed to the tensor tympani muscle. This au- 
thor regards the small petrosal and the tympanic branch of 
the facial as branches exclusively furnished by the interme- 
diary nerve of Wrisberg, which he considers as the nerve of 
the tympanum, and has called the " tympanic motor nerve." 
This, however, is advanced as a mere supposition, not en- 
tirely proven by experiments.* The third branch, the tym- 
panic, is distributed exclusively to the stapedius muscle. 
The second and third branches will be again considered in 
connection with the physiology of the internal ear. 

According to the experiments of Savart,' paralysis of the 

' LoNOET, Traiik dephyMogie^ Paris, 1869, tome iii., p. 667. 
« Ibid., p. 679. 

• Savart, Recherches sur les ruaget de la membrane du lympan d de VoreilU 
exteme. — Journal de physiologie^ Paris, 1824, tome iv., p. 204. 
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tensor tjmpani should produce an increased susceptibility 
of the ear to ordinary sonorous vibrations. Contrary to 
what might be supposed, it is pretty certain that the mem- 
brane of the tympanum vibrates most intensely when it is 
relaxed, the vibration being much less when it is rendered 
tense by the action of the large muscle of the malleus. This 
view is accepted by Miiller, who repeated and extended the 
experiments of Savart. Miiller states that this is a physical 
law with regard to membranes of the extent of the tympa- 
num.* It is farther carried out by certain cases of paralysis 
of the facial in the human subject, which present, among 
other symptoms, a painful sensibility of the ear to powerful 
impressions of sound. One of the earliest observed and 
most remarkable of these is the case of Prof. Koux, of 
Paris, who suffered from a temporary facial paralysis, and 
who noted that " the membrane of the tympanum was pain- 
fully sensible even to slight noises."' This symptom has 
often been noted in facial palsy.' 

The fourth branch, the chorda tympani, is so important 
that it demands special consideration. The fifth branch is 
given off opposite to the origin of the chorda tympani and 
passes to the pneumogastric, to which nerve it probably sup- 
plies motor filaments. We have already seen, in studying 
the properties of the roots of the facial, that in this branch, 
sensory filaments pass from the pneumogastric and consti- 
tute a part of the sensory connections of the facial.* 

Functions of the Chorda Tympani, — This branch passes 
between the bones of the ear and through the tjTnpanic cav- 
ity to the lingual branch of the inferior maxillary division 
of the fifth, which it joins at an acute angle, between the 
pterygoid muscles. It has been a question whether this 

• M&LLER, BPemenh of Phy9U)logy^ London, 1843, vol. ii., p. 1256. 

• Bell, The Nervous St/stem^ London, 1844, p. 829. 

• Bernard, Lefons mr la phyniologie et la pcUhologie du systhne nerveux^ Paris, 
1858, tome it, p. 114. 

^ See page 163. 
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nerve be simply enclosed in the sheath of the lingual branch 
of the fifth or be so closely connected with it that it cannot 
be traced to a distinct distribution. Upon this point we are 
disposed to adopt the opinion of Sappey, who, as the result 
of minute dissections, regards the union as complete, " fibril 
to fibril." As regards the portion of the facial which fur- 
nishes the filaments of the chorda tympani, it is impossible 
to determine anatomically whether these come from the 
main root or from the intermediary nerve of Wrisberg, as 
the fibres of these roots are closely united before the chorda 
tympani is given off.* 

Concerning the general properties of the chorda tym- 
pani, it is curious to note the opposite opinions of different 
physiologists ; some regarding it as a motor nerve, others 
as purely sensitive, and others as a special nerve of taste. 
When we come to analyze the actual experimental observa- 
tions upon the nerve, it is seen that it cannot be regarded 
as an ordinary motor nerve ; for galvanization of the root 
of the facial before this branch is given off, and careful gal- 
vanization of the chorda tympani itself, produce not the 
slightest movement in the tongue.* The operative proced- 
ure necessary to expose the parts is so severe as to render 
observations with regard to its sensibility very unsatisfac- 
tory. It is certain, however, that it is not an acutely sen- 
sitive nerve like the fifth, or like certain branches of the 
pneumogastric. 

The only questions that we propose to consider in this 
connection relate to the functions of the chorda tympani as 
a nerve of gustation, and as it influences the secretion of the 
submaxillary gland. 

There can be no doubt with regard to the influence of 
the chorda tympani upon the sense of taste in the anterior 
portion of the tongue. Without citing all of the experi- 
ments and pathological observations bearing upon this ques- 

^ Sappkt, Traits cPanaiomiey Paris, 1852, tome ii., p. 258. 

' LoNGET, TrixUS de phy9iologie, Paris, 1869, tome iil, p. 681, note. 
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tion, it is sufficient to state, that in cases of disease or injury, 
in which the root of the facial is involved so that the chorda 
tympani is paralyzed, in addition to the ordinary phenom- 
ena of paralysis of the superficial muscles of the face, there 
is loss of taste in the anterior portion of the tongue on the 
side corresponding to the lesion. Numerous cases of this 
Idnd are quoted in works on physiology, which will be re- 
ferred to more fully in connection with the subject of gus- 
tation. 

In 1863, we had under observation, for several months, 
a soldier who received a gunshot-wound, the ball passing 
through the head, entering just above the ala of the nose 
on the left side and emerging behind the mastoid process 
of tlie right temporal bone. The wound was nearly healed 
while he was under observation, and the usual symptoms of 
complete facial paralysis were manifested on the right side. 
The buccinator and the orbicularis oculi were completely 
paralyzed. Vision in the right eye was slightly impaired, 
but was improving. The hearing was perfect, and there 
were no abnormal phenomena except those apparently due 
to injury of the facial. Tlie sense of taste was entirely abol- 
ished in the anterior portion of the tongue on the right side. 
Experiments on this point were repeatedly made with salt, 
pepper, and other sapid substances. This patient was ex- 
amined on one occasion by Prof. Dalton, and was exhibited 
in two successive years to the class at the Bellevue Hospi- 
tal Medical College, when the above-mentioned facts were 
verified. 

Physiologists have observed loss of taste in the anterior 
portion of the tongue, in dogs, cats, and other animals, fol- 
lowing section of the root of the facial or of the chorda tym- 
pani. Some observers, it is true, have failed to note the 
phenomena satisfactorily, and there is some difference of 
opinion with regard to the real origin of the gustatory fila- 
ments ; but the fact that the chorda tympani influences the 
taste can hardly be doubted. Adopting this view, we shall 
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defer the full consideration of the functions of the chorda 
tympani until we come to treat of the special sense of 
tast«. 

Schiff, in 1851, was the first to note the influence of the 
chorda tympani upon the secretion of the submaxillary 
gland. In some works on physiology, the experiments of 
Ludwig are referred to as the first upon this subject ; * but 
Ludwig only noted the influence upon the salivary secre- 
tion, of filaments going to the submaxillary from the lingual 
branch of the fifth, without experimentally demonstrating 
their real origin.' In the experiments of Schijff, the chorda 
tympani Was exposed and the flow of the submaxillary saliva 
noted. Upon division of the chorda tympani, the flow of 
saliva was momentarily increased, but was soon arrested ; 
and subsequently, stimulation of the gustatory sense failed 
to induce secretion, as it does when the nerve is intact.* 
Similar experiments, on a much more extended scale, were 
made by Bernard, in the following way : 

The duct of the submaxillary gland was exposed in a 
dog, and into it was fixed a silver canula. The nervous 
filaments going to the gland from the lingual branch of the 
fifth were then isolated. A little vinegar introduced into 
the mouth caused an abundant flow of saliva from the tube. 
The chorda t;^Tnpani was then divided, by introducing a 
sharp instrument through the membrane into the tympanic 
cavity. After division of the nerve, the introduction of 
vinegar into the mouth failed to excite the salivary secre- 
tion. From this and similar experiments, Bernard con- 
cludes that the chorda tympani is the motor nerve of the 
submaxillary gland. After having arrested the secretion by 
section of the chorda tympani, the action of the gland was 

' LoNOET) Traits de physiohgUy Paris, 1869, tome iii., p. 582. 

• LuDWio, Neue Vertucke iiber die Beihilfe der Nerven. eur Spdchdabxm' 
derunff. — 2jeiUchrift fur rationeUe Medicin^ Heidelberg, 1851, Neue Folge, Bd. I, 
S. 255, et seq. 

* ScHiFT, Lefotii tur la physiohgie de la digettiony Florence et Turin, 186Y, 
tome I, p. 217. 
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induced by galvanization of the peripheral end of the nerve.* 
Section of the facial after its passage out of the stylo-mastoid 
foramen did not arrest the action of the parotid ; but section 
of the nerve within the cranium arrested the secretion, both 
of the parotid and submaxillary.* 

These observations show conclusively that the facial, 
either through branches from its proper roots or its fila- 
ments of communication with other nerves, regulates the 
secretion of at least two of the salivary glands ; a fact to 
which we have already alluded in another volume.* 

Influence of Various Branchea of the Fackd upon the 
Movements of the Palate and Uvula. — There can be little 
doubt that filaments -from the facial animate certain of the 
movements of the velum palati and uvula. It has been ob- 
served that, in certain cases of facial paralysis, the palate 
upon one side is perfectly flaccid and the uvula is drawn to 
the opposite side. Montault * cites a case of this kind, and 
a very striking example is given in full by Bernard ; ' but 
these phenomena do not occur unless the nerve be aftected 
at its root or within the aquaeductus Fallopii. It is true 
that the uvula is frequently drawn to one side or the other 
in persons unaffected with facial paralysis, as was observed 
by Debrou,* but it is none the less certain that it is deviated 
as a consequence of paralysis of the fecial in some instances.' 
These facts, however, in the absence of direct experiments, 
do not show conclusively that the facial supplies the muscles 
of the soft palate. 

1 BiBNARD, Le^jfM tur la phydologie ^ la pathologie da systhne nerveux^ Paris, 
1858, tome il, p. 148, et seq. 
« Op, cU,, p. 155. 

• See vol. iii., Secretion, p. 81. 

* MostauLt, Disseriatwn sur VhemiplSffie/aciale, Thhe, No. 300, Paris, 1881. 

• Berkard, Lemons gur la physiologie et la paHiologie dusysthne nerveuXy Paris, 
1858, tome il, p. 183. 

* DiBROU, Thkes de Vecole de medecine, Paris, 1841, No. 266. 
' LoMaET, TraiU de physiologie^ Paris, 1869, tome iii., p. 576. 

Ill 
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Direct expenments upon the roots of the facial have not 
been followed by uniform results. Debrou, in the thesis 
just referred to, mentions one experiment in which galvani- 
zation of the facial within the cranial cavity produced de- 
cided contraction of the muscles of the palate ; but in four 
others, the results were negative. Nuhn, however, pro- 
duced contractions of these muscles by galvanization of the 
nerve in the cranium in a man unmediately after decapita- 
tion.* The experiments of Bernard upon this point are the 
most conclusive ; but while they show, beyond a doubt, that 
the facial animates the movements of the soft palate, they 
do not indicate the course of the filaments from the nerve 
to the muscles. In these experiments, made in connection 
with M. Davaine, the whole of the velum palati was exposed 
in a large-sized dog, by cutting through the hyoid bone. The 
trunk of the glosso-pharyngeal nerve was then exposed in 
the neck, near its point of emergence at the posterior fora- 
men lacerum, and the animal was killed by section of the 
spinal cord just below the origin of the cranial nerves. This 
being done, the glosso-pharyngeal was galvanized, which pro- 
duced violent contractions of the velum, the pillars of the 
fauces, and a part of the pharynx, on one side. The nerve 
was then divided, and the galvanization applied to its pe- 
ripheral end without producing any movement in the velum. 
The central end was then galvanized, when the contractions 
were as vigorous as when the nerve was intact. This result 
would lead to the supposition that contractions of the mus- 
cles of- the palate following galvanization of the glosso- 
pharyngeal are reflex and not due to the direct action of 
filaments of distribution from this nerve. In a second ex- 
periment, the parts were exposed in the same way, and, in 
addition, the facial was divided upon the right side at its en- 
trance into the internal auditory canal. The glosso-pharyn- 

' NuHN, Versuche an einem EnthanptHen nebd erlduiemden Verfuchen an 
Thieren,^Zeiisehrift fur ratUmeUe Medicin, Heidelberg, 1858, Neue Folge, Bd. . 
fii.,S. 129, <tf«f9. 
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geal nerve was then galvanized upon the side on which the 
&eial had been divided, with the effect of producing move- 
ments of the pillars of the fauces, but not of the velimi palati 
itself. The glosso-pharyngeal was then galvanized upon the 
side on which the facial was intact, which produced move- 
ments of the velum the same as in the first experiment. 
Galvanization of the pneumogastric, the sublingual, and the 
lingual branch of the fifth, failed to produce movements of 
the velum. 

" The first experiment proves that the glosso-pharyngeal 
nerve is not the motor nerve of .the velimi palati, but that it 
induces reflex movements by the excitation which it trans- 
mits to the nervous centre, an excitation which is carried to 
the parts by another nerve. 

"The second experiment proves that the reflex move- 
ments of the velum palati, induced by the excitation of the 
glosso-pharyngeal, are in part transmitted by the facial 
nerve, the movements of the pillars not being produced by 
filaments belonging to this nerve." * 

Bernard also noted a fact, which has sometimes been 
observed in cases of facial paralysis, that the point of the 
tongue is deviated after section of the facial ; which is ex- 
plained by the presence of a filament described by Hirsch- 
feld, going fi*om the facial to the tongue. 

As we before remarked, the experiments of Bernard do 
not indicate the mode of communication between the facial 
and the muscles of the palate. Longet regards the filaments 
of the fecial which influence the levator palati and azygos 
uvulae muscles as derived fi-om the large petrosal branch 
of the nerve, passing to the muscles through Meckel's gan- 
glion, the filaments to the palato-glossus and the palato- 
pharyngeus being given off from the glosso-pharyngeal, but 
originally coming fi-om an anastomosing branch of the facial. 
As regards the branches of communication from the glosso- 

' Bernard, Lepons sur la phyaiotogie et la pathologie du systime nerveux, Paris, 
1858, tome ii., p. 178. 
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pliaryngealj Longet mentions a preparation by Eichet, in 
the museum of the j^kx>le de mededne^ of Paris, in which 
branches of the facial on one side passed directly to the 
palato-glossus and the palato-pharyngeus without any con- 
nection with the glosso-pharyngeal nerve.* In our ana- 
tomical description of the branches of the facial, we have 
already noted a filament, described by Hirschfeld, which 
passes to the stylo-glossus and palato-glossus muscles.* 
This is the filament affected in deviation of the point of the 
tongue. 

In view of the pathological examples of paralysis of the 
palate and uvula in certain cases of facial palsy, the frequent 
occurrence of contractions of the muscles of these parts upon 
galvanization of the facial, and the reflex action through the 
glosso-pharyngeal and the facial, there can be little doubt 
that the muscles of the palate and uvula are animated by 
filaments derived from the seventh nerve. The effects of 
paralysis of these muscles are manifested by more or less 
difiiculty in deglutition and in the pronunciation of certain 
words, with great diflSculty in the expulsion of mucus collect- 
ed in the back part of the mouth and the pharynx. These 
points are well illustrated in the case of fecial palsy, with 
paralysis of one side of the palate, cited by Bernard.* 

Functions of the External Branches of the Facial. — The 
general function of the branches of the facial going to the 
superficial muscles of the face is suflBciently evident, in view 
of our present knowledge of the distribution of these branch- 
es and the general properties of the nerve. Throughout the 
writings of Sir Charles Bell, the facial is spoken of as the 
"respiratory nerve of the face.'' It is now recognized as the 
nerv(3 which presides over the movements of the superficial 
muscles of tlie face, not including those directly concerned 
in the act of mastication. This being its general function, it 

* LoNOKT, op. cit.f tome iil, p. 681. ' See page 150. 

* Bernuid, op. city toroe ii., p. 188. 
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is easy to assign to each of what may be termed the external 
branches of the facial its particular office. 

Just after the nerve has passed out at the stylo-mastoid 
foramen, it sends to the glosso-pharyngeal the communicat- 
ing branch, the functions of which we have just considered 
in connection with the movements of the palate. 

The posterior auricular branch, becoming sensitive by 
the addition of filaments from the cervical plexus, gives sen- 
sibility to the integument on the back part of the ear and 
over the occipital portion of the occipito-frontalis muscle. 
It animates the retrahens and the attoUens aurem, muscles 
but little developed in man, but very important in certain 
of the inferior animals. It also animates the posterior por- 
tion of the occipito-frontalis muscle. 

The branches distributed to the posterior belly of the 
digastric and to the stylo-hyoid muscle simply animate these 
muscles, one of the uses of which is to assist in deglutition. 
The same may be said of the filaments that go to the stylo- 
glossus". 

The two great branches distributed upon the face after 
the trunk of the nerve has passed through the parotid gland 
have the most prominent function. Both of these branches 
are somewhat sensitive from their connections with other 
nerves, and are distributed in small part to integument. 

The temporo-facial branch animates all of the muscles of 
the upper part of the face. In complete paralysis of this 
branch, the eye is constantly open, even during sleep, from 
paralysis of the orbicularis muscle. In cases of long stand- 
ing, the globe of the eye may become inflamed from con- 
stant exposure, from abolition of the movements of winldng 
by which the tears are distributed over its surface and little 
foreign particles are removed, and, in short, from absence 
of the protective action of the lids. In these cases, the lower 
Ud may become slightly everted. The frontal portion of the 
occipito-frontalis, the attrahens aurem, and the corrugator 
eupercilii muscles, are also paralyzed. The most prominent 
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Bymptom of paralysis of these muscles is inability to corru- 
gate the brow upon one side, as in frowning. 

Paralysis of the muscles that dilate the nostrils has been 
shown to have an important influence upon respiration 
through the nose. It was the synchronism between the 
acts of dilatation of the nostrils and the movements of in- 
spiration which first led Sir Charles Bell to regard the facial 
as a respiratory nerve. In instances of complete paralysis 
of the nostril of one side, there is frequently some diflSculty 
in inspiration. Sir Charles Bell refers to a case in which, 
when " the patient lay with the sound side against the pU- 
low, he was under the necessity of holding the paralytic 
nostril open with the fingers, in order to breathe freely." * 
In the horse, the movements of the nostrils are essential to 
respiration, the animal being unable to breathe through the 
mouth. When both facial nerves are divided in this animal, 
the nostrils collapse and are occluded with each effort at in- 
spiration, and death takes place from suffocation." 

Sir Charles Bell ' and others have also noted the inter- 
ference with olfaction, due to the inability to inhale with 
one nostril, in cases of facial paralysis. The influence of 
the nerve in the act of conveying odorous emanations to 
the olfactory membrane is sufficiently evident after what 
we have remarked concerning the action of the facial in 
respiration. 

The effects of paralysis of the other superficial muscles 
of the face are manifested in the distortion of the features, 
from the unopposed action of the muscles upon the sound 
side ; a phenomenon which is sufficiently familiar to the prac- 

' Be^l, The Nervous System of th& Human Body^ London, 1844, p. 64. The 
case referred to is No. VI., in the Appendix ; hut this seems to he un error, as 
no such circumstance is mentioned in this case. Still the fact illustrated is not 
to be doubted. 

• Bernard, Lemons sur la physiologie et lapaihdogie du systhne nerveux^ Paris, 
1858, tome ii., p. 88. 

• Bell, 0/ Smelling as influenced by the Portio Dura of the Seventh Nirve,^^ 
The Nervous System^ London, 1844, p. 184. 
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tical physician. When fticial palsy affects one side and is 
complete, the angle of the mouth is drawn to the opposite 
side, the eye npon the affected side is widely and perma- 
nently opened, even during sleep, and the face has upon 
that side a peculiarly expressionless appearance. Wlien a 
patient affected in this way -smiles or attempts to grimace, 
the distortion is much increased. The lips are paralyzed 
npon one side, which sometimes causes a flow of saliva from 
the comer of the mouth. In the lower animals that use 
the lips in prehension, paralysis of these parts interferes 
considerably with the taldng of food. The flaccidity of the 
paralyzed lips and cheek in the human subject sometimes 
causes a puffing movement with each act of expiration, as if 
the patient were smoking a pipe. 

We have already seen that the buccinator is not supplied 
by filaments from the nerve of mastication, but is animated 
solely by the facial. Paralysis of this muscle interferes ma- 
terially with mastication, from a tendency to accumulation 
of the food between the teeth and the cheek. Patients 
complain of this difficulty, and sometimes .keep the food 
between the teeth by pressure with the hand. In the rare 
instances in which both facial nerves are paralyzed, there is 
very great difficulty in mastication from the cause just men- 
tioned. 

The ftmctions of the external branches of the facial are 
thus sufficiently simple ; and it is only as its deep branches 
affect the taste, the movements of deglutition, etc., that it is 
difficult to ascertain their exact office. As this is the nerve 
of expression of the face, it is in the human subject that 
the phenomena attending its paralysis are most prominent. 
When both sides are affected, the appearance is most re- 
markable, the face being absolutely expressionless and look- 
ing as if it had been covered with a mask. 
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BPIKAL ACCESSORY AND STJBLINGirAL NEBYEB* 

Spinal accessory nerve (third division of the eighth) — ^Physiological anatomy^— 
Properties and functions of the spmal accessory — ^Functions of the internal 
branch from the spinal accessory to the pneumogastric — ^Influence of the 
spinal accessory over the vocal movements of the larynx — Influence of the 
internal branch of the spinal accessory upon deglutition — ^Influence of the 
spinal accessory upon the heart — ^Functions of the external, or muscular 
branch of the spmal accessory — Sublingual, or hypoglossal nerve (ninth) — 
Physiological anatomy — ^Properties and functions of the sublingual — GI08- 
90-labial paralysis. 

A DESCRIPTION of the properties and fiinctions of the spi- 
nal accessory and the sublingual completes the physiological 
history of the motor nerves emerging from the cranial cav- 
ity. The functions of these nerves are important, and, in 
the case of the spinal accessory, possess considerable inter- 
est, from the fact that physiologicjal investigations have, only 
within a few years, determined the significance of certain of 
its anatomical relations. As we have done in studying the 
other motor nerves, we will treat successively of their ana- 
tomical relations, general properties and functions. 

Spinal Accessory Nerve. {Third Division of tJie Eighth.) 
— The spinal accessory nerve, from the remarkable extent 
of its origia, its important anastomoses with other nerves, 
and its curious course and distribution, has long engaged 
the attention of anatomists and physiologists, who have ad- 
vanced many theories with regard to its oflSce. We will 
content ourselves, however, with a simple description of its 
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anatomy as it appears from late researches, and will begin 
its physiological history with the comparatively recent ex- 
periments which have advanced our positive knowledge of 
its properties. 

PhyaiologiGal Anatomy. — The origin of this nerve is 
very extensive. A certain portion arises from the lower 
half of the medulla oblongata, and the rest takes its origin 
below, from the upper two-thirds of the cervical portion of 
the spinal cord. That portion of the root which arises from 
the medulla oblongata is called, by the French, the bulbar 
portion, the roots from the cord constituting the spinal por- 
tion. Inasmuch as there is a marked difference between the 
functions of these two portions, the anatomical distinction 
just mentioned is important. 

The superior roots arise" by four or five filaments from 
the lower half of the medulla oblongata below the origin 
of the pneumogastrics. These filaments of origin, in prep- 
arations hardened by prolonged immersion in alcohol, are 
shown to be connected with the lateral portion of the me- 
dulla, and not with the posterior columns. Their origin 
seems, therefore, to be from the motor tract.* 

The spinal portion of the nerve arises from the upper 
part of the cervical division of the spinal cord, between the 
anterior and posterior roots of the upper four or five cervi- 
cal nerves. The filaments of origin are from six to eight in 
number. The most inferior of these is generally single, the 
other filaments being frequently arranged in pail's. These 
take their origin from the lateral portion of the cord, rather 
nearer the posterior median line than the roots from the 
medulla oblongata. 

Following the nerve from its most inferior filament of 
origin upward, it gradually increases in size by union with 
its other roots, enters the cranial cavity by the foramen 
magnum, and passes to the jugular foramen, by which it 

* Sapp2T, Traitk (Tanatomie descriptive, Paris, 1862, tome ii., p. 298. 
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emerges, in connection with the glosso-pharyngeal, the pneu- 
mogastric, and the internal jugular vein. 

In its course, the spinal accessory anastomoses with sev- 
eral nerves. Just as it enters the cranial cavity, it receives 
filaments of communication from the posterior roots of the 
upper two cervical nerves. These filaments, however, are 
not constant. It frequently, though not constantly, sends a 
few filaments to the superior ganglion, or ganglion of the 
root of the pneumogastric. After it has emerged by the 
jugular foramen, it sends a branch of considerable size to 
the pneumogastric, from which nerve it also receives a few 
filaments of communication. This branch will be again re- 
ferred to in connection with the distribution of the nerve. 
In its course, it also receives filaments of communication 
from the anterior branches of the second, third, and fourth 
cervical nerves. 

In its distribution, the spinal accessory presents two 
branches. The first, or anastomotic branch, passes to the 
pneumogastric just below the plexiform enlargement which 
is sometimes called the ganglion of the trunk of the pneu- 
mogastric. 

The internal, or anastomotic branch, is composed princi- 
pally, if not entirely, of the filaments that take their origin 
from the medulla oblongata. As it joins the pneumogastric, 
it subdivides into two smaller branches. The first of these 
forms a portion of the pharyngeal branch of the pneumo- 
gastric. The second becomes intimately united with the 
pneumogastric, lying at its posterior portion, and furnishes 
filaments to the inferior, or recurrent laryngeal branch, 
which is distributed to all of the muscles of the larynx ex- 
cept the crieo-thyroid. The passage of the filaments from 
the spinal accessory to the pharyngeal branch of the pneu- 
mogastric is easily observed; but the fact that filaments 
from this nerve pass to the larynx by the recurrent Laryn- 
geal has been ascertained only by physiological experiments. 

The external, or large branch of the spinal accessory. 
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called the muscular branch, penetrates and passes through 
the posterior portion of the upper third of the stemo-cleido- 
mastoid muscle, goes to the anterior surface of the trape- 
zius, which muscle receives its ultimate branches of distri- 
bution. In its passage through the stemo-cleido-mastoid, 
it joins with branches from the second and third cervical 
nerves, and sends filaments of distribution to the muscle. 
Although the two muscles just mentioned receive numerous 
motor filaments from the spinal accessory, they are also sup- 
plied from the cervical nerves ; and, consequently, they are 
not entirely paralyzed when the spinal accessory is divided. 

PropertieB and Functions of the Spinal Accessory. — ^Not- 
withstanding the great difficulty in exposing and operating 
upon the roots of the spinal accessory, it has been demon- 
strated that their galvanization produces convulsive move- 
ments in certain muscles. The most satisfactory experi- 
ments with relation to the general properties of the roots 
were made by Bernard. This physiologist cut through 
the occipito-atloid membranes and galvanized the filaments 
within the spinal canal. By galvanizing the filaments aris- 
ing from the medulla oblongata, he produced contractions 
of the muscles of the pharynx and larynx and no move- 
ments of the stemo-mastoid and trapezius. Galvanization 
of the roots arising from the spinal cord produced move- 
ments of the two muscles just mentioned, and absolutely 
no movements in the larynx.* Bernard has further shown 
that the roots of the nerve are endowed with recurrent 
sensibility from the posterior roots of the first three pairs 
of cervical nerves.*' In view of these experiments, it is evi- 
dent that the true filaments of origin of the spinal accessory 
are motor ; and it is further evident that the filaments from 

* fiBRNARDf Recherchei experimetUdUt tur la fondiaru du nerf spinal, p. 781. 
It is stated in a DOte that this memoir was printed in the ArcJdvet de midecine^ 
in 1844. 

• Loc, cit.y p. 780. We have already fully considered the subject of recur- 
rent sensibility in the anterior root* of the spinal nerves (see page 81). 



Digitized by 



GoogI( 



170 NEEV0U8 SYSTEM. 

tho medulla oblongata are distributed to the muscles of the 
pharynx and larynx, while the filaments from the spinal cord 
go to the stemo-cleido-mastoid and trapezius. 

Tho trunk of the spinal accessory, after the nerve has 
passed out of the cranial cavity, is endowed with a certain 
degree of sensibility. If the nerve be divided, the periph- 
eral extremity manifests the recurrent sensibility, but the 
central end is also sensible, probably from direct filaments 
of communication from the cervical nerves and the pneumo- 
gastric. As we have remarked, however, in treating of the 
properties of some other of the cranial nerves, it is exceed- 
ingly difficult to note satisfactorily a slight degree of sensi- 
bility in nerves that can be exposed only by a tedious and 
painful operation. 

The functions of the external, or muscular branch of the 
spinal accessory are sufficiently evident ; and the effects of 
the destruction of the nerves on both sides, as far as this 
branch is concerned, simply resolve themselves into the 
phenomena due to partial paralysis of the stemo-mastoid 
and trapezius ; but the functions of the branch which joins 
the pneumogastric are much more complex. Without dis- 
cussing the speculative views of the older anatomists and 
physiologists, we will commence with the experiments of 
Bischoff, which were the first to give us any definite ideas 
of the functions of the internal branch. 

Functions of the Internal Branch from the Spinal Acces- 
8ory to the Pneumogastric, — ^Bischoff attempted to ascertain 
the functions of this branch by dividing the roots of the 
spinal accessory on both sides in a living animal. The re- 
sults of his experiments may be stated in a very few words. 
He attempted to divide all of the roots of the nerves on 
both sides by dissecting down to the occipito-atloid space 
and penetrating into the cavity of the spinal canal. In the 
first three experiments on dogs, the animals died so soon 
after section of the nerves, that no satisfactory results were 
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obtained. In two succeeding experiments on dogs, the ani- 
mals recovered. After division of the nerves, the voice 
became hoarse ; but a few weeks later, became normal. On 
killing the animals, an examination of the parts showed that 
some of the filaments of origin had not been divided. An 
experiment was then made upon a goat, but this was unsat- 
isfactory, as the roots were not completely divided. Finally, 
another experiment was made upon a goat. In this, the 
results were most satisfactory. After division of the nerve 
upon one side, the voice became hoarse. As the filaments 
were divided upon the opposite side, the voice was enfeebled, 
until finally it became extinct. The sound emitted after- 
ward was one which could in nowise be called voice,." j^m 
neutiquam vox appeUari potuUy^ This experiment was 
made in the presence of Tiedemann and Seubertus, and was 
not repeated. 

It is evident to any one familiar with the elaborate re- 
searches of Bernard upon the spinal accessory, that it was 
only necessary to confirm the single successful experiment 
of Bischoff to settle the fact of the infltience of this nerve 
upon phonation. The great difficulty of the operative pro- 
cedure, however, prevented its repetition on an extended 
scale. Longet, in 1841,* published an account of some ex- 
periments confirming, to a certain extent, those of Bischoff; 
but in his treatise on the nervous system, published in 1842,* 
he does not seem to regard the spinal accessory as the exclu- 
sive nerve of phonation, as he does in his work on physi- 
ology, published after the experiments of Bernard.* The 
results of the experiments performed at this time by Longet 

* Bischoff, Nervi Aecesaorii Willmi Anatomia d Pky»iologia^ Darrastadii, 
1882, p. 94. 

' Longet, Recherches exphnmeniales sur les fonctions des nerfs^ des muscles du 
lamyx et sur V influence du verf accessoire de Willis dans la phonation, — Qazetts 
mkdicale^ Paris, 1841, 2Sme s^rie, tome ix., p. 472. 

' Lomoet, AncUomie d jilhysiologie du systkme nerveuXy Paris, 1842, tome ii., 
p. 263. 

* Longet, TrailS de phvsiologie^ Paris, 1869, tome iii., p. 516. 
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were by no means so satisfactory as the single successful ob* 
scrvation of Bisclioff. In liis memoir on the spinal acces- 
sory, Bernard gives full credit to Bischoff, and quotes from 
this author the very words we have just cited. With regard 
to the question of priority in the description of the function 
of this nerve in phonation, there can be no doubt concern- 
ing the accuracy of the experiment of Bischoff and its correct 
interpretation, in 1832. He demonstrated that the nerve 
presiding over the voice is the spinal accessory ; although 
the fact rested on a single successful experiment, and was 
not accepted by physiologists before it had been fiilly con- 
firmed by the repeated and conclusive experiments of Ber- 
nard, made by an entirely different method. To Bernard, 
however, remains, as we shall presently see, the merit of 
having demonstrated that the vocal muscles are supplied 
by those filaments of the spinal accessory that take their 
origin from the medulla oblongata. 

Bernard, whose ingenious experiments determined ex- 
actly the influence of the spinal accessory over the voc^ 
movements of the' larynx, first repeated the experiments 
of Bischoff; but the animals operated upon died so soon, 
from hsemorrhage, or other causes, that his observations 
were not satisfactory.' After many unsuccessful trials, he 
succeeded in overcoming all difficulties, by following the 
trunk of the nerve back to the jugular foramen, seizing 
it here with a strong pair of forceps, and drawing it out 
by the roots.* This operation is difficult, but we have sev- 

* Bernard, Recherchea expSrimeniales sur le^ fonclions du nerf spinoff p. 788. 
Bernard considers that death is due ailer this operation, as performed by Bis- 
choff, to the passage of air into the veins. 

* The operative procedure employed by Bernard b the following : The 
trunk of the nerve is exposed as it passes through the stemo-cleido-mastoid 
muscle. It is then followed up by careful dissection, avoiding blood-vessels as 
much as possible, to the posterior foramen lacerum, when the sublingual is seen 
crossing the course of the pneumogastric. It is here that the anastomotic 
branch leaves the spinal accessory to go to the pneumogastric. At this point, 
the external branch, with the anastomosing branch, is seized with a pair of 
rather broad-billed forceps, and gentle but firm traction is applied to the entire 
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eral times performed it with entire success, and verified, in 
every regard, the fiicts observed by Bernard. Within the 
last year, the excellent assistant to the chair of Physiology 
at the Bellevue Hospital Medical College, Dr. C. F. Eoberts, 
has succeeded in extirpating these nerves for class-denfionstra- 
tions. The operation is generally most successful in cats, 
though Bernard has succeeded frequently in other animals. 

When one spinal accessory is extirpated, the vocal sounds 
are hoarse and unnatural. When both nerves are torn out, 
in addition to the disturbance of deglutition and the partial 
paralysis of the stemo-mastoid and trapezius muscles, the 
voice becomes extinct. Animals operated upon in this way 
move the jaws and make evident eftbrts to cry, but no vocal 
sound is emitted. This condition is very striking ; and in- 
asmucli as Bernard has kept animals, with both nei-ves ex- 
tirpated, for months, the question of the function of these 
nerves in phonation may now be regarded as definitively 
settled. 

It remains now to consider the experimental facts with 
regard to the influence of the different filaments of origin 
of the spinal accessory on the voice. These are simple, and 
entirely conclusive ; and they are due exclusively to the re- 
searches of Bernard. This experimenter found that division 
of the roots of origin from the spinal cord not only did not 
affect the voice, but sometimes seemed to render it clearer ; 
but that division of the roots of origin from the medulla ob- 
longata abolished the voice, though the inferior roots were 
intact.* 

It is not necessary to discuss the action of the muscles 
of the lamyx in phonation, as this subject has already been 
considered in full in another volume.' The beautiful experi- 

nerve. Soon there is a cracking sensation conveyed to the hand as the roots 
give way, and the nerve may then be drawn out entire. With care, either the 
filanxenta of origin from the medulla or those from the cord may be extirpated 
alone. — (Bernard, op. cit.^ p. 736 ; and, Lemons sur la phynoJogie et la paihobgie 
du systeme nerveux, Paris, 1858, tome ii., p. 296.) 

* Op, cii.^ p. 786. * See vol. l, Voice and Speech, p. 490, et seq. 
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ments tliat have demonstrated the influence of the spinal 
accessory nerve over these muscles have pointed out the des- 
tination of the fibres that join the pneumogastric, which could 
never have been done so satisfactorily by dissection. They 
have shown fiirther that the movements involved in phona- 
tion are more or less independent of the respiratory move- 
ments of the lamyx. 

If the larnyx be exposed in a living animal, with all its 
nervous connections intact, it will be seen to open widely 
during inspiration, being passive in expiration. The wide 
opening of the glottis at this time is due to the fact that, 
after the operation, respiration is usually more or less la- 
bored ; but if we carefully observe the parts when the respira- 
tory acts are perfectly tranquil, the movements of the glottis 
seem to be very slight. The larynx is then permanently 
opened to a moderate degree, but the chink of the glottis is 
slightly dilated with each expiration. If the recurrent laryn- 
geal nerves, which are distributed to all of the muscles of 
the larynx except the crico-thyroid, be now divided upon 
both sides, the larynx is entirely paralyzed, and in cats and 
young animals, in which the cartilages are soft and flexible, 
the parts are occluded by the efibrt of inspiration, and death 
takes place from suffocation. Of course the division of the 
recurrent laryngeal nerves abolishes the voice, but it arrests 
the other movements of the larynx as well. The distinction 
thus established between the action of the spinal accessory 
and the recurrent laryngeal nerves was fiilly illustrated by 
Bernard, in the following experiments : 

In a cat, in which the voice had been completely de- 
stroyed by extirpation of both spinal accessory nerves, the 
larynx was exposed. The glottis was seen dilated so as to 
permit the free passage of air in respiration. The mucous 
membrane retained its sensibility, and when the interior of 
the larynx was irritated, a very slight but ineffectual effort 
was made to close the glottis. It was impossible for the 
animal to approximate the posterior points of attachment of 



Digitized by 



GoogI( 



INTERNAL BRANCH OP THE SPINAL ACCESSORY. 175 
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the vocal cords, or to put tlie cords on the stretch. If such 
irritation be applied to the larynx of an animal wjlh the 
ppinal accessory nerves intact, the glottis is instantly and 
firmly closed,* 

In a cat about five weeks old, both spinal accessory 
nerves were extirpated, and the voice was thus destroyed. 
Two days after, both recurrent laryngeal nerves were di- 
vided, and the animal died almost immediately of suflEb- 
cation.* 

These experiments show conclusively that the internal, 
or communicating branch of the spinal accessory is the 
nerve which presides over the movements of the larynx in 
phonation. The filaments imdoubtedly pass to the larynx 
in greatest part through the recurrent laryngeal branches of 
the pneumogastric ; but the recurrent laryngeals also con- 
tain motor filaments from other sources, which are chiefly 
concerned in the respiratory movements of the glottis. 

Influence of the Internal Branch of the Spinal -Accessory 
upon Deglutition, — ^We must refer again to the experiments 
of Bernard for an accotmt of the influence of the spinal 
accessory upon deglutition. There are two ways in which 
deglutition is afiected through this nerve: 1. "When the 
larynx is paralyzed as a consequence of extirpation of both 
nerves, the glottis cannot be completely closed to pre- 
vent the entrance of foreign bodies into the air-passages. 
In rabbits particularly, it was noted that particles of food 
penetrated the trachea and found their way into the lungs." 
2. The spinal accessory furnishes numerous filaments to the 
pharyngeal branch of the pneumogastric, and, through this 
nerve, directly affects the muscles of deglutition ; but the 
muscles animated in this way by the spinal accessory have a 

' Bernard, op, city p. 745. 
• Loe. ciL, p. 749. 

' Bernard, Lefons sur la physioloffie el la pathoiogie d% tytthne nervemx^ 
Paris, 1858, tome ii., p. 823. 
112 
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tendency to draw the lips of the glottis together, while they 
assist in passing the alimentary bolus into the oesophagus, 
Wlien these important acts are wanting, there is some diffi- 
culty in the process of deglutition itself as well as danger of 
the passage of alimentary particles into the larynx. 

Influence of the Spinal Accessory upon the Heart. — 
When we come to study the varied functions of the pneumo- 
gastrics, we will discuss fully the mechanism by which the 
contractions of the heart are arrested by galvanization of both 
of these nerves in the neck. A very curious and interesting 
observation by Waller has demonstrated that this influence, 
whatever be its mechanism, is derived from the spinal acces- 
sory, and necessarily comes through its communicating 
branch. It has been found that a powerful current of gal- 
vanism passed through the pneumogastric on one side will 
arrest the action of the heart. Waller found that if he ex- 
tirpated the spinal accessory on one side, the action of the 
heart could not be arrested by galvanizing the pneumo- 
gastric upon the same side ; but this result followed gal- 
vanization of the pneumogastric upon the opposite side, on 
which the connections with the spinal accessory were intact. 
These phenomena, however, could not be observed until 
from ten to twelve days had elapsed after the extirpation of 
the spinal accessory.* We ^ have already seen, in treating of 
the general properties of the nerves, that the irritability of 
the motor nerves disappears in about four days after their 
separation from the nerve-centres.* In the observation just 
referred to, it seemed necessary that a sufficient time should 
elapse after extirpation of the spinal accessory for the irrita- 

^ Waller, Experiences 9ur lea nerfs pneumogaatriques et accessoiret de Willis, 
— Gazette mkdicaley Paris, 1866, 8^me B^rie, tome xi., p. 420. 

In these experiments. Waller demonstrated by microsoopical examination 
the disorganization of both branches of the spinal accessory, and showed that 
their galvanization produced little, if any contraction in the muscles to which 
these branches were distributed. 

» See p. 96. 
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bility of the filaments that join the pneumogastric to become 
extinct ; but the experiment is suiBSeient to show the direct 
inhibitory influence of the spinal accessory on the heart. 
The subject will be more fully considered, however, in con- 
nection with the functions of the pneumogastrics. 

jFunctions of the Exiemal^ or Mmcular Branch of the 
Spinal Accessory. — The most interesting feature in the 
recent researches into the functions of the spinal accessory 
is, that experimentalists have been able to separate physio- 
logically the internal from the external branch. Observa- 
tions have conclusively demonstrated that the internal 
branch, and the internal branch only, is directly concerned 
in the vocal movements of the larynx, and, to a great ex- 
tent, in the closure of the glottis during deglutition. It has 
been noted, in addition, that animals in which both branches 
have been extirpated present irregularity of the movements 
of the anterior extremities and suffer from shortness of 
breath after violent muscular exertion. The use of the cor- 
responding extremities in the human subject is so different, 
that it is not easy to make a direct application of these ex- 
periments ; still, we can draw from them certain inferences 
with regard to the fimctions of the external branch in man. 

In prolonged vocal efforts, the vocal cords are put upon 
the stretch, and the act of expiration is very different from 
that in tranquil breathing. In singing, for example, the 
shoulders arc frequently fixed ; and this is done to some ex- 
tent by the action of the stemo-cleido-mastoid and the trape- 
zius. We may suppose, then, that the action of the branch 
of the spinal accessory which goes to these muscles has a cer- 
tain synchronism with the action of the branch going to the 
larynx and the pharynx ; the one fixing the upper part of 
the chest so that the expulsion of the air through the glottis 
may be more nicely regulated by the expiratory muscles, 
and the other acting upon the vocal cords.' 

1 It is unnecessary to mftke any further reference in detail to the admirable 
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In what is known to physiologists as muscular eflFort, the 
mechanism of which has been discussed in another volume,* 
the glottis is closed, the thorax is fixed after a full inspira- 
tion, and respiration is arrested so long as the effort, if it be 
not too prolonged, is contiiiued. The same synchronism, 
therefore, obtains in this as in prolonged vocal efforts. In 
experiments in which the muscular branch only has been 
divided, shortness of breath, after violent muscular effort, is 
observed; and this is probably due to the want of syn- 
chronous action of the stemo-cleido-mastoid and trapezius. 
The irregularity in the movements of progression in 
animals, in which either both branches or the muscular 
branches alone have been divided, is due to anatomical 
peculiarities. Bernard has observed these irregularities in 
the dog and the horse, but they are not so well marked in 
the cat. There have been no opportunities for illustrating 
these points in the human subject. 

SvhUngual, or HypogloBBol Nerve {Ninth). 

The last of the motor cranial nerves is the sublingual ; 
and its functions are intimately connected with the physi- 
ology of the tongue in deglutition and articulation, though 
it is also distributed to certain of the muscles of the neck. 

Physiological Anatomy. — The apparent origin of the sub- 
lingual is from the medulla oblongata, in the groove between 
the olivary body and the anterior pyramid, on the line of the 
anterior roots of the spinal nerves. At this point, its root is 
lormed of from ten to twelve filaments, which extend from 
the inferior portion of the olivary body to about the junction 
of the upper with the middle third. These filaments of 
origin are separated into two groups, superior and inferior. 
From this apparent origin, the filaments have been traced 

memoir of Bernard on the spinal accessory, in which the function of the ex- 
ternal branch in the lower animals has been fully investigated by experiments. 
> See vol lii., Movements, p. 477. 



Digitized by 



Googit 



SUBLINGUAL NEBVE. 179 

into the gray matter of the floor of the fourth ventricle, be- 
tween the deep origin of the pneumogastric and the glosso- 
pharyngeal. Though there is much diflFerence of opinion 
upon this point, it is probable, from the elaborate researches 
of Dr. Dean,* that some of the filaments of origin of these 
nerves decussate in the floor of the fourth ventricle. 

The superior and inferior filaments of origin of the nerve 
unite respectively to form two bundles, which pass through 
distinct perforations in the dura mater. These two bundles 
then pass into the anterior condyloid foramen, and unite into . 
a single trunk as they emerge from the cranial cavity. In 
some of the inferior animals, the calf, horse, pig, rabbit, dog, 
and cat, there is a delicate filament arising from the latero- 
posterior portion of the medulla, remarkable by the presence 
of a small ganglion, which joins the trunk of the nerve as it 
passes through the foramen. This was described by Mayer, 
and more lately by Yulpian ; both of these observers having 
noted it exceptionally in the human subject.* Direct experi- 
ments are wanting to show positively the physiological prop- 
erties of this ganglionic root. 

After the sublingual has passed out of the cranial cavity, 
it anastomoses with several nerves. It sends a filament of 
communication to the sympathetic as it branches from the 
superior cervical ganglion. Soon after it has passed through 
the foramen, it sends a branch to the pneumogastric. It 
anastomoses by two or three branches with the upper two 
cervical nerves, the filaments passing in both directions be- 
tween the nerves. It anastomoses with the lingual branch of 
the fifth, by two or three filaments passing in both directions.* 

In its distribution, the sublingual presents several re- 
markable peculiarities. 

Its first branch, the descendens noni, passes down the 

' Dkjlh, The Chay Substance of the Medulla OUongata and Trapezium^ Wftsh- 
ington, 1864, p. 16. 

• VuLPiAN, 8ur la racine poeUrieure ou ganglionnaire du tier/ hypoglo9M,~^ 
Jommal de la pkyeidogie, Paris, 1862, tome v., p. 6, et uq. 
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neck to the stemo-hyoid, sternothyroid, and omo-hyoid 
muscles. From its relations with important vessels and 
nerves, this branch possesses considerable surgical interest. 

The thyro-hyoid branch is distributed to the muscle of 
the same name. 

The other branches are distributed to the stylo-glossus, 
hyo-glossus, genio-hyoid, and genio-hyo-glossus muscles, their 
terminal filaments going to the intrinsic mtiscles of the tongue. 

It is thus seen that the sublingual nerve is distributed to 
all of the muscles in the infra-hyoid region, the action of 
which is to depress the larynx and the hyoid bone after the 
passage of the alimentary bolus through the pharynx; to one 
of the muscles in the supra-hyoid region, the genio-hyoid ; 
to most of the muscles which move the tongue ; and to the 
muscular fibres of the tongue itself. The action of these 
muscles and of the tongue itself in deglutition has already 
been fully discussed in another volume.' 

Properties and Functions of the SvbUngvM. — There is 
every reason to believe that the sublingual nerve is entirely 
insensible at its origin from the medulla oblongata. The 
fact that it arises from a continuation of the motor tract 
of the spinal cord and has no ganglion upon its main 
root would lead to the supposition that it is an exclusively 
motor nerve. In operating upon the roots of the spinal 
accessory, when the origin of the sublingual is necessarily 
exposed, Longet has irritated the roots in the dog without 
any evidence of pain on the part of the animal.* In the dog, 
Vulpian has constantly found the small ganglionic root,' 
which we have already mentioned as exceptional in the hu- 
man subject. Such experiments, taken in connection with 
the anatomical characters of the nerve, render it almost cer- 

* See vol. il, Digestion, p. 189, et seq, 

• LoNQET, Traite dephysiolo^ Paris, 1869, tome iii., p. 684. 

■ Vulpian, 8ur la raeine poster ieure ou gangUonnaire du nerf hypoglone,^- 
JwmaX de la phytioiogie, Paris, 1862, tome v., p. 7. 
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tain that the main root is devoid of sensibility. They do 
not, however, positively demonstrate the insensibility of the 
ganglionic root, for a severe operation, it is well known, may 
temporarily abolish the sensibility of nerves when this is not 
very acute, as is seen in experiments upon the recurrent sen- 
sibility of the anterior roots of the spinal nerves. Still, as 
this filament is ordinarily absent in the hnman subject, there 
can be little doubt that the sublingual at its origin is exclu- 
sively motor. 

• All modem experimenters have confirmed the observa- 
tions of Mayo * and of Magendie,' with regard to the sensi- 
bility of the sublingual after it has passed out of the cranial 
cavity. The anastomoses of this nerve with the upper two 
cervical nerves, the pneumogastric, and the lingual branch 
of the fifth, afford a ready explanation of this fact. Accord- 
ing to Bernard, this nerve possesses recurrent sensibility de- 
rived from the fifth pair.' 

The ftmctions of the sublingual have already been so 
fully considered under the head of deglutition, that they 
need not be discussed elaborately in this connection. We 
will here simply state the phenomena wliich follow stimula- 
tion of the nerve and the division of both nerves in living 
animals. 

The sublingual may be, easily exposed in the dog by 
making an incision just below the border of the lower jaw, 
dissecting down to the carotid artery, and following the ves- 
sel upward tmtil we see the nerve as it crosses its course. 
On applying a feeble current of galvanism at this point, 
there are evidences of sensibility, and the tongue is moved 
convulsively at each stimulation. 

The phenomena following section of both sublingual 

' Mayo, Anaiamuxd and Philological OommerUaries, Number il, London, 
1823, p. 11. 

* Magexdix, Zefoiu wr I^/cndions et le% maladies du aysthne nerveuz, Paris, 
1841, tome it, p. 290. 

' Bernabd, Zeforu aur la phtfsiologie et lapathologie du eyaUme nerveux^ Paris, 
1858, tome il, p. 241. 
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nennes point directly to their function. The most notable 
fact observed after this operation is, that the movements of 
the tongue are entirely lost, while the tactile and gustatory 
senses are not affected. These phenomena have been accu- 
rately described by Mayo,* Panizza,* Magendie,' and many 
others. Perhaps the most varied experiments* made upon 
animals are those of Panizza. These have been fully detailed 
in connection with the subjects of mastication and degluti- 
tion. They consist simply in loss of power over the tongue, 
with considerable difficulty in deglutition. We have repeat- 
edly noted all of these points and demonstrated them to 
medical classes. 

In the human subject, the sublingual is usually more or 
less affected in hemiplegia. In these cases, as the patient 
protrudes the tongue, the poinl is deviated. This is due to 
the unopposed action of the genio-hyo-glossus upon the sound 
side, which, as it protrudes the tongue, directs the point 
toward the side affected with paralysis. 

A disease of rather rare occurrence has lately been de- 
scribed under the name of glosso-labial paralysis, which is 
characterized by paralysis of the sublinguals, affecting also 
the orbicularis oris, and frequently the intrinsic muscles of 
the larynx. The phenomena referable to the loss of power 
over the tongue correspond to those observed in animals 
after section of the nerves. Patients affected in this way 
experience difficulty in deglutition, and, in addition, we note 
an interference with articulation, which cannot be observed 
in experiments upon animals. We lately had a case of this 
disease imder observation in the Bellevue Hospital, the phe- 
nomena of which were peculiarly interesting from a physio- 
logical point of view. This patient presented complete 
paralysis of the tongue, with considerable difficulty in deglu- 
tition, probably from the tongue-affection. The orbicularis 

* Loe. ciL 

* Panizza, NouodJet recherchet expSrimmtatet $ur lea furfi, — OaaeUe midieaU, 
Paris, 1886, p. 419. « Loe, ciL 
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oris was also paralyzed. The paralysis probably extended 
to the intrinsic muscles of the larynx, as little or no vocal 
sound could be made. The patient was incapable of articu- 
late language, and commimicated entirely by signs. 
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TRIFACIAL, OB TEIGEMINAL NERVE. 

Physiological anatomy of the trifacial — Properties and functions of the trifacial 
— ^Division of the trifacial within the cranial cavity — ^Immediate effects of 
division of the trifacial — Remote effects of division of the trifacial — ^Effects 
of division of the trifacial upon the organs of special sense — Division of the 
trifacial before and behind the ganglion of Gasser — Communication with 
the sympathetic at the ganglion of Ckisser — ^Explanation of the phenomena 
of disordered nutrition after division of the trifacial — Cases of paralysis of 
the trifacial in the human subject. 

A SINGLE nerve, the large root of the fifth pair, called 
the trifacial, or the trigeminal, gives general sensibility to 
the face and the head as far back as the vertex. This is one 
of the most interesting of the cranial nerves, and is one of 
the first that was experimented upon by physiologists. It 
is interesting, not only as the great sensitive nerve of the 
face, but from its connections with other nerves and its re- 
lations to the organs of special sense. In studying the 
physiology of this nerve, we must necessarily begin with its 
physiological anatomy. 

Physiological Anatomy. — The apparent origin of the 
large root of the fifth is from the lateral portion of the pons 
Varolii, posterior and inferior to the origin of the small root, 
from which it is separated by a few transverse fibres of white 
substance. The deep origin is far removed from its point of 
emergence from the encephalon. The roots pass entirely 
through the substance of the pons, from without inward and 
from before backward, without any connection with the 
fibres of the pons itself. By this course it reaches the me- 
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dulla oblongata, where the roots divide into three bundles. 
The anterior bundle passes from behind forward, between 
the anterior fibres of the pons and the cerebellar portion of 
the restiform bodies, to anastomose with the auditory nerve.* 
The other bundles, which are posterior, pass, the one in the 
anterior wall of the fourth ventricle to the lateral tract of the 
medulla oblongata, and the other, becoming grayish in color, 
to the restiform bodies, from which they may be followed as 
far as the point of the calamus scriptorius. According to 
Vulpian, a few fibres from the two sides decussate in the 
median line in the anterior wall of the fourth ventricle.' 

From this origin, the large root of the fifth passes ob- 
liquely upward and forward to the ganglion of Gasser, 
which is situated in a depression in the petrous portion of 
the temporal bone on the internal portion of its anterior 
face. 

The Grasserian ganglion is semilunar in form (sometimes 
it is called the semilunar ganglion), with its concavity looking 
upward and inward.' At the ganglion, the nerve receives 
filaments of communication from the carotid plexus of the 
sympathetic. This anatomical point is of importance in view 
of some of the remote effects which follow division of the 
fifth nerve through the ganglion in living animals. 

It will be necessary only to describe in a general way 

• LuDOVio HiBSCHrsLD, Synthne nervettXy Paris, 1866, p. 166. The anastomo- 
sis of the auditory nerye has been denied (Vulpian, JSitaai 9ur Voriffine de 
plmieurs pairts det nerft eranietUy Thhe^ Paris, 1858, p. 27), but it is admitted 
bj most anatomists. 

• Op, cU., p. 26. 

• The structure of this ganglion was first recognized by Gasser, Professor of 
Anatomy in Vienna. His observations, however, were published by Hirsch, a 
pupil of Gasser, in 1765 (Hibsch, Faria quinii Nervorum encephalic Viennie, 
1765, m LuDWio, Scriptores Nevroloffici minores aclecti^ Lipsise, 1791, tomus i., p. 
244, ei seq.y, Hirsch first gave it the name of Gasserian ganglion (p. 262). 
Some authors call it the Gasserian ganglion, probably confounding Gasser with 
Casserius. Oasserius, in his anatomical figures, describes many parts of the 
brain and nerves, but says nothing of the ganglion of the fifth (OissxRius, 
Atiatomtehs Tafdn^ Franckfurt am Mayn, 1756). 
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the numerous branches of distribution of the fifth nerve, 
remembering that it is the great sensitive nerve of the 
face. 

At the ganglion of Gasser, from its anterior and external 
portion, are given off a few small and unimportant branches 
to the dura mater and tentorium. 

From the convex border of the ganglion, the three great 
branches arise that have given to the nerve the name of 
trifacial or trigeminal. These are: 1, the ophthalmic; 2, 
the superior maxillary ; 3, the inferior maxillary. The oph- 
thalmic and the superior maxillary branch are derived en- 
tirely from the sensory root. The inferior maxillary branch 
joins with the motor root and forms a mixed nerve. 

The ophthalmic branch, the first division of the fifth, is 
the smallest of the three. Before it enters the orbit, it re- 
ceives filaments of communication from the sympathetic, 
sends small branches to all of the motor nerves of the eye- 
ball, and gives off a small recurrent branch which passes be- 
tween the layers of the tentorium. 

Just before the ophthalmic branch enters the orbit by 
the sphenoidal fissure, it divides into three branches ; the 
lachrymal, frontal, and nasal. 

The lachrymal, the smallest of the three, sends a branch 
to the orbital branch of the superior maxillary nerve, passes 
through the lachrymal gland, to which certain of its fila- 
ments are distributed, and its terminal filaments go to the 
conjunctiva and the integument of the upper eyelid. 

The frontal branch, the largest of the three, divides into 
the supra-trochlear and supra-orbital nerves. Tlie supra- 
trochlear passes out of the orbit between the supra-orbital 
foramen and the pulley of the superior oblique muscle. It 
sends in its course a long, delicate filament to the nasal 
branch, and is finally lost in iho integument of the forehead. 
The supra-orbital passes through the supra-orbital foramen, 
sends a few filaments to the upper eyelid, and supplies the 
forehead, the anterior and median portions of the scalp, the 
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mucous membrane of the frontal sinus, and the pericraniimi 
covering the frontal and parietal bones. 

The nasal branch, before it i)enetrates the orbit, gives oflF 
a long, delicate filament to the ophthalmic ganglion, consti- 
tuting its sensory root. It then gives off the long ciliary 
nerves, which pass to the ciliary muscle and iris. Its trunk 
then divides into the external nasal, or infra-trochlearis, and 
the internal nasal, or ethmoidal. The infra-trochlearis is dis- 
tributed to the integument of the forehead and nose, to the 
internal surface of the lower eyelid, the lachrymal sac, and the 
caruncula. The internal nasal is distributed to the mucous 
membrane, and also in part to the integument of the nose. 

The superior maxillary branch of the fifth passes out of 
the cranial cavity by the foramen rotundum, traverses the 
infra-orbital canal, and emerges upon the face by the infra- 
orbital foramen. Branches from this nerve are given off in 
the spheno-maxillary fossa and the infra-orbital canal, before 
it emerges upon the face. In the spheno-maxillary fossa, the 
first branch is the orbital, which passes into the orbit, giving 
off one branch, the temporal, which pa&es through the tem- 
poral fossa by a foramen in the malar bone, and is distrib- 
uted to the integument on the temple and the side of the 
forehead ; another branch, the malar, which likewise emerges 
by a foramen in the malar bone, is distributed to the in- 
tegimient over this bone. In the spheno-maxillary fossa, 
are also given off two branches, which pass to the spheno- 
palatine, or Meckel's ganglion. From this portion of the 
nerve, branches are given off, the two posterior dental nerves, 
which are distributed to the molar and bicuspid teeth, the 
mucous membrane of the corresponding alveolar processes, 
and to the antrum. 

In the infra-orbital canal, a large branch, the anterior 
dental, is given off to the teeth and mucous membrane of the 
alveolar processes not supplied by the posterior dental nerves. 
This nerve anastomoses with the posterior dental. 

The terminal branches upon the face are distributed to 
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the lower eyelid (the palpebral branches) ; to the side of the 
nose (the nasal branches), anastomosing with the nasal 
branch of the ophthahnic ; and to the integument and mu- 
cous membrane of the upper lip (the labial branches). 

The inferior maxillary is a mixed nerve, composed of the 
inferior division of the large root and the small root. The 
distribution of the motor filaments has already been de- 
scribed under the head of the nerve of mastication.* This 
nerve passes out of the cranial cavity by the foramen ovale, 
and then separates into the anterior division, containing 
nearly all of the motor filaments, and the posterior division, 
which is chiefly sensory. The sensory portion breaks up 
into numerous branches : 

1. The auriculo-temporal nerve supplies the integument 
in the temporal region, the auditory meatus and the integu- 
ment of the ear, the temporo-maxillary articulation, and the 
parotid gland. It also sends important branches of commu- 
nication to the facial. 

2. The lingual branch is <distributed to the mucous mem- 
brane of the tongue as far as the point, the mucous mem- 
brane of the mouth, the gums, and to the sublingual gland. 
This nerve receives an important branch from the facial, the 
chorda tympani, which has already been described.* From 
this nerve, also, are given off two or three branches which pass 
to the submaxillary ganglion, constituting its sensory roots. 

3. The inferior dental nerve, the largest of the three, 
passes in the substance of the inferior maxillary bone, be- 
neath the teeth, to the mental foramen, where it emerges 
upon the face. The most important sensory branches are 
those which supply the pulps of the teeth, and the branches 
upon the face. The nerve, emerging upon the face by the 
mental foramen, called the mental nerve, supplies the integ- 
ument of the chin and the lower part of the face, the lower 
lip, and sends certain filaments to the mucous membrane of 
the mouth. 

1 See page 141. • See page 148. 
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Properties cmd Functions of the Trifacial. — Our definite 
knowledge with regard to the properties and fdnctions of the 
large root of the fifth nerve dates from the experiments by 
Mayo, published in 1822. It is generally stated by authors 
that the researches of Sir Charles Bell, in 1811, led natural- 
ly to the idea that the ganglionic root of the fifth was entire- 
ly sensory. We have already shown, by full references to 
the paper printed by Sir Charles Bell, in 1811, that he there- 
in attributed both motion and sensation to the anterior roots 
of the spinal nerves, regarding the ganglionic roots as nerves 
presiding over the functions of organic life.* The mistake 
made by authors in attributing the exact distinction between 
the functions of the large root of the fifth and the small root 
and the fecial arises from the fact that a paper published 
originally in the Philosophical Transactions, in 1821,* is re- 
printed with other memoirs, " with some additional explana- 
tions." " The additions to the original paper are in such a 
form as to lead the reader to suppose that the author regard- 
ed the large root of the fifth as exclusively sensory ; but, in 
the original paper, which we have carefully compared with 
the reprint, the distinction between the motor and the sen- 
sory root of the fiftli is by no means clearly made. 

In 1822, Herbert Mayo published an account of " experi- 
ments to determine the influence of the portio dura of the 
seventh, and of the facial branches of the fifth pair of nerves." 
These experiments consisted in dividing the infra-orbital, in- 
ferior maxillary, and frontal branches of the fifth, and the 
branch from the fifth to the seventh, in asses, by which 
it was demonstrated that these were exclusively sensory 
nerves.* In a second publication, the following year, it is 

* See page 71. 

* Bell, Oh Ihe Nerves ; giving an Account of tome Experiments on their 
Structure and Functions^ which lead to a New Arrangement of the System, — 
Philo$ophical Transactions^ LoDdon, 1821, Part I, p. 898. 

' Bell, The Nervous System of the Human Body^ as explained in a Series 
of Papers read before the Royal Society of London^ London, 1844, p. 33. 

* Mato, Anatomical and Physiological Commentaries, Number L, Loiidoil| 
1822, p. lOI.etssq. 
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stated that the root of the fifth was divided in the cranial 
cavity in pigeons ; * but this was with reference chiefly to the 
movements of the iris, though Mayo notes that after division 
of the nerve " the surfece of the eyeball appears to have lost 
its feeling." 

In 1823, Fod^ra published an account of experiments in 
which he had divided the roots of the fifth in living animals 
(rabbits) by introducing a small knife through an opening 
in the parietal bone, along the base of the skull, and cutting 
through the roots near the Gasserian ganglion. The opera- 
tion was followed by complete loss of sensibility upon the 
side on which the nerve had been divided." In this and 
other experiments, however, the animals died a short time 
after the operation. The paper was presented to the Acad- 
emy of Sciences, December 31, 1822, and was published at 
about the same time as the experiments of Mayo. 

In 1824, Magendie published an account of his experi- 
ments on the fifth pair.* He divided the nerve at its root, 
by introducing a small stylet through the skull, and noted 
immediate loss of sensibility on the corresponding side of 
the face. Magendie was the first to succeed in keeping the 
animals alive, observing certain interesting remote efiects of 
division of the nerve. 

The operative procedure employed by Magendie has 
been followed, with great success, by other physiologists, 
particularly Bernard, to whose researches we are indebted 
for many additional facts of interest concerning the func- 
tions of the fifth nerve. As this is an operation which we 
have frequently performed with success, following the mi- 

' Mayo, Anatomical and Fhysioloffical Commentaries^ Number iL, London, 
1828, p. 5. 

' FoD^RA, Recherc?ie$ expMmenialet tur le tytieme nerveux. — Journal de physi- 
ology Paris, 1823, tome iil, p. 207. 

* Magendie, De Vinfiuenee de la einguihne paire de nerfs tur la nvtriHon et 
let fonctions de rml-^ournal de physiologte^ Paris, 1824, tome ir., p. 176, el 
$eq, ; and, Suite det experiences s»r Us fonctions de la einguihne poire. Ibid., p. 
802, et seq. 
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nute directions laid down by Bernard, we will quote from 
him in brief the diflferent steps. 

The nerve may be divided in the cranial cavity with tol- 
erable certainty in rabbits, cats, dogs, and Guinea-pigs, but 
it is most easUy done in rabbits. It is difficult, from the 
feet that one is working in the dark, and requires a 
certain amount of dexterity, to be acquired only by 
practice. The instrument used is represented in 
Fig. 9. It is made by Messrs. Tiemann & Co., of 
New York. The operative procedure is as follows : 

1. " The head of the rabbit is firmly held in the 
left hand. The operator feels with the finger of the 
right hand the tubercle situated in front of the ear, 
formed by the condyle of the lower jaw. Behind 
this tubercle, is a hard, osseous portion, the origin of 
the auditory canal. 

2. " The operator penetrates just behind the su- 
perior border of the condyle, directing the point of 
the instrument slightly forward to avoid passing 
into the substance of the petrous portion of the tem- 
poral bone, and thus passes more easily into the 
middle temporal fossa ; at the same time the instru- 
ment is directed a little upward to avoid slipping 
into the zygomatic fossa and thus failing to enter 
the cranial cavity. 

3. "As soon as the instrument has penetrated 
the cranium, which is recognized by the point be- 
coming free, the pressure is arrested and the instru- 
ment is directed downward and backward, its back sliding 
along the anterior face of the bone, which should serve as a 
guide in the operation. 

4. " This point of departure — that is to say, the anterior 
face of the bone — ^being found, the instrument is pushed 
along, following its inferior border and proceeding gradu- 
ally, as the instrument penetrates, pressing on the bone, the 
resistance of which can be easily recognized. Soon, how- 

118 



Digitized by 



GoogI( 



192 NEBV0U8 SYSTEM. 

ever, the operator feels, at a certain depth, that the bony 
resistance ceases : he is then on the fiflh pair, and the cries 
of the animal give evidence that the nerve is pressed 
upon. 

5. *' It is at this moment that it is necessary to hold 
firmly the instrument and the head of the animal ; then the 
cutting edge is turned so as to be directed downward and 
backward, at the same time pressing in this direction so as 
to divide the nerve on the extremity of the petrous portion, 
behind the ganglion of Gasser, if possible, or at least on the 
ganglion itself*. 

6. " The instrument is then drawn back, pressing upon 
the bone so as to accomplish completely the section of the 
trunk of the fifth pair ; then it is withdrawn by passing over 
the same course on the anterior face of the petrous portion 
so as not to lacerate the cerebral substance. 

" The accident to be feared in the operation is section of 
the carotid when the instrument has penetrated too far, or 
lesion of the cavernous sinus when it is pressed too for for- 
ward." ' 

When this operation has been performed without acci- 
dent, its immediate efiects are very striking. The cornea 
and the integument and muQous membrane on that side of 
the head are instantaneously deprived of sensibility, and 
may be pricked, lacerated, or burned without the slightest 
evidence of pain on the part of the animal. Almost always 
tlie small root of the fifth is divided as well as the large 
root, and the muscles of mastication are paralyzed upon one 
side ; but, with this exception, there is no paralysis of mo- 
tion, sensation alone being destroyed upon one side. 

Immediate Effects of Dwuion of the Trifacial. — It is 
hardly necessary to discuss the functions of the trifacial, af- 
ter tlie statement of the effects which instantly follow upon 

> BsBNUiDf Leponi aur la phy%iologit et la pathologie du sytthrM 
PtoU, 1658, tome iu, p. 58. 
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its division, taken in connection with its physiological anat- 
omy. The nerve has never been exposed in the cranial 
cavity in living animals ; but its branches upon the face and 
the lingual branch of the inferior maxillary division have 
been operated upon and found to be exquisitely sensitive. 
Longet and others have exposed the roots in animals imme- 
diately after death, and have found that galvanization of the 
large root carefully insulated produces no muscular contrac- 
tion.* All who have divided this root in living animals 
must have recognized, not only that it is sensitive, but that 
its sensibility is far more acute than that of any nervous 
trunk in the body. It is much more satisfactory to divide 
the nerve without etherizing the animal, as the evidence of 
pain is an important guide in this delicate operation ; but 
in using anaesthetics, we have never been able to bring an 
animal under their influence so completely as to abolish the 
sensibility of the root itself. For example, in cats that ap- 
pear to be thoroughly etherized, as soon as the instrument 
touches the nerve, there is more or less struggling. . The 
large root of the fifth, then, is an exclusively sensory nerve, 
and its sensibility is more acute than that of any other of 
the cerebro-spinal nerves. 

The distribution of the branches of the large root of th^ 
fifth indicates that it is the great sensitive nerve of the face. 
It will be remembered, however, that its branches go large- 
ly to the organs of special sense, and it is an interesting 
question to determine whether or not these branches be en- 
dowed with special as well as general sensibility. 

Magendie thought, from his experiments upon animals, 
that the fifth nerve was endowed with special sensory prop- 
erties. He states distinctly that section of the nerve is im- 
mediately followed by loss of taste, smell, hearing, and sight, 
on the side operated upon.* "^his view, however, has not 

* LoNOETf Traite de physiolo^ey Paris, 1869, tome iii., p. 4 87. 

• Magendie, Suite de» experiences sur les fopctiaru de la cinquihme paire de 
nitrfs, — Journal de phyniologie^ Paris, 1824, tome iv., p. 805, et seq. 

In another Tolume of the same journal, Magendie reports a case in which the 
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been sustained by more recent experimenters ; and it is 
probable that in some of the experiments of Magendie, other 
nerves were divided as well as the fifth. This is a question 
which will be touched upon again in connection with the 
special senses ; suflSce it to say at present that there is no 
evidence that branches of the fifth pair of nen'^es are en- 
dowed with olfactory, auditory, or visual sensibility. This 
statement is made without reserve by Miiller,* who adduces 
cases of paralysis of the fifth in the human subject in proof 
of its correctness. It is often the case that the special senses 
are affected as an indirect and remote consequence of lesion 
of the fifth, or rather of filaments of the sympathetic con- 
nected with the fifth ; but division of this nerve alone does 
not immediately affect any of the special senses. The loss 
of taste is due always to division of the chorda tympani. 

As far as audition and olfaction are concerned, there are 
no special effects immediately following section of the tri- 
facial ; but there are interesting phenomena observed in 
connection with the eye and the organs of taste. 

At the instant of division of the fifth, by the method just 
described, the eyeball is protruded and the pupil becomes 
strongly contracted. This occurs in rabbits, and the contrac- 
tion of the pupil was observed in the first operations of Ma- 
gendie.* The pupil, however, is usually restored to the nor- 
mal condition in a few hours. Longet states that the pupil 
is dilated by division of the fifth in dogs and cats.* After 
division of the nerve, the lachrymal secretion becomes very 
much less in quantity ; but this is not the cause of the sub- 
sequent inflammation, for the eyes are not inflamed, as was 
shown by Magendie, even after extirpation of both lachrymal 

flight in one eye was not extinct, the corresponding optic nerve being atrophied, 
but by no means destroyed (La vue peut-dle itre conservke malgre la deatruciian 
des nerfs optiques^ tome viii,, p. 27). 

* MvLLER, Phyiiohgie du sysQme nerveux^ Paris, 1840, tome i., p. 803. 
' Loc. cil. 

• LoMGET, Traite de phyaiologie, Paris, 1869, tome lii., p. 489, note. 
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glands/ The movements of the eyeball are not affected by 
division of the fifth. 

Another of the immediate effects of complete division of 
the fifth is loss of general sensibility in the tongue. This 
fact was noted by Mayo, in 1823/ and has been confirmed 
by other physiologists. Most experiments upon the influ- 
ence of the fifth over the general sensibility and the sense 
of taste in the tongue have been made by dividing the 
lingual branch of the inferior maxillary division. When 
this branch is irritated, there are evidences of intense pain. 
When it is divided, the general sensibility and the sense of 
taste are destroyed in the anterior third or half of the tongue. 
It will be remembered, however, that the chorda tyrapani 
joins the lingual branch of the fifth as it passes between the 
pterygoid muscles, and that section of this branch of the fa- 
cial abolishes the sense of taste in the anterior third or half 
of tlie tongue." If the gustatory properties of the lingual 
branch of the fifth be derived from the chorda tympani, 
lesions of the fifth not involving this nerve would be fol- 
lowed by loss of general sensibility, but the taste would be 
unaffected. This has been shown to be the fact by experi- 
ments upon animals and certain cases of paralysis of general 
sensibility of the tongue without loss of taste in the human 
subject, reported by Schiff * and by Lussana,' which will be 
discussed more ftilly in connection with gustation. 

Among the inmiediate effects of section of the fifth, is an 
interference with the reflex phenomena of deglutition. In 
some recent researches on the action of the sensitive nerves 

' Maoexdii, Ve Vinfiuenee de la einquUme paire des nerfa sur la nutriiion d lea 
fondhns de Vceil — Journal de phydologit, Paris, 1824, tome iv., p. 179. 

• Mato, Anatomical and Phytiohgieal CommeiUaries^ Number ii., London, 
1823, p. 10. 

* See page 155, et seq. 

* ScHUT, Lefoni $ur la phi/sioloffie d$ la digestion^ Florence et Turin, 1867, 
tome L, p. 108, et teq. 

• LuBSANA, Jiecherchea expirimentalea et observations patholoffiqttes sur lesnerfs 
iu gouL—Archivea de phyMoffie^ Paris, 1869, tome ii., p. 27, ti seq. 
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in deglutition, by Waller and Prevost, it was found, that after 
section of the fifth upon both sides, it was impossible to ex- 
cite movements of deglutition by stimulating the mucous 
membrane of the velum palati. After section of the superior 
laryngeal branches of the pneumogastrics, no movements 
of deglutition followed stimulation of the mucous membrane 
of the top of the larynx. In these experiments, when the 
fifth was divided on one side, stimulation of the velum upon 
the corresponding side had no effect, while movements of 
deglutition were produced by irritating the velum upon the 
sound side.* These experiments show that the fifth nerve 
is important in the reflex phenomena of deglutition, as a 
sensory nerve, conveying the impression from the velum 
palati to the nerve-centres. This action probably takes 
place through filaments which pass from the fifth to the mu- 
cous membrane through Meckel's ganglion. 

Remote Effects of Division of the Trifacial, — ^After the 
ordinary operation of dividing the fifth pair in the cranial 
cavity, the immediate loss of sensibility of the integument 
and mucous membranes of the face and head is usually sup- 
plemented by serious disturbances in the nutrition of the 
eye, the ear, and the mucous membranes of the nose and 
mouth. This curious fact was noted by Magendie, in 1824 ;" 
but it was observed by Mayo, in 1823, in a case of paralysis 
of the fifth in the human subject.* At a period varying 
from a few hours to one or two days after the operation, the 
eye upon the affected side becomes the seat of purulent in- 
flammation, the cornea becomes opaque, ulcerates, the hu- 
mors are discharged, and the organ is destroyed. Conges- 
tion of the parts is usually very prominent a few hours after 

* Waller et Prevost, £iude relative aux ner/s tensUifs qui prhident anx phS- 
nom^nes refiexei de la deffliUiiion, — Archives de physioloffie^ Paris, 1870, tome iiL, 
p. 846, et seg, 

• Journal de physioloffie^ Paris, 1824, tome ir., pp. 178, 804. 

' Mato, AvuUamical and Phyndoffical Commenlariea, Number iu, London* 
1823, p. 12. 
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division of the nerve. At the same time, there is an in- 
creased discharge from the mucous membranes of the nose 
and mouth upon the affected side, and ulcers appear upon 
the tongue and lips. It is probable, also, that disorders in 
the nutrition of the auditory apparatus follow the opera- 
tion, though these are not so prominent. These phenom- 
ena undoubtedly led Magendie to advance the view that 
section of the fifth involves destruction of the organs of 
special sense,* though, as we have seen, these results are con- 
secutive and not immediate. Animals affected in this way 
usually die in from fifteen to twenty days. 

One of the most interesting facts, particularly in view of 
the information derived from later observations, in connec- 
tion with the early experiments of Magendie, is, that he noted 
that " the alterations in nutrition are much less marked " " 
when the division is effected behind the ganglion of Gasser, 
than when it is done in the ordinary way through the gan- 
glion. It is difficult enough to divide the nerve completely 
within the cranium, and is almost impossible to make the 
operation at will through or behind the ganglion, and the 
phenomena of inflammation are absent only in exceptional 
and accidental instances. Magendie offers no satisfactory 
explanation of the differences in the consecutive phenomena 
coincident with the locality of section of the nerve. The 
facts, however, have been abundantly verified by Longet,' 
Bernard,* and other experimenters. In the numerous ex- 
periments that we have made upon the fifth pair, we have 
generally noted the consecutive inflammatory phenomena in 
the order above described; but in exceptional instances, 
these phenomena have been wanting. The following ex- 
periment illustrates these exceptional operations : 

^ Loc. at, * Journal de pkytioloffie, Paris, 1824, tome iv., p. 304. 

• LoNGET, Anatomie el physidogie du tysthne nei^veux^ Paris, 1842, tome il, 
p. 162. 

* Bernard, LefonB aur la physioIoffU el la paihdogie du systhne nerveuXj Paris, 
1858, tome 11, p. 60. 
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February 6, 1868, the fifth pair of nerves was divided 
upon the left side in a full-grown rabbit in the ordinary way, 
before the ckss at the BcUevue Hospital Medical College. 
There followed instant and complete loss of sensibility on 
the left side of the face. Four days after, the animal having 
been fed ad liUtum with cabbage, the loss of sensibility was 
still complete. There was very little redness of the conjunc- 
tiva of the left eye, and a very slight streak of opacity, so 
slight that it was distinguished with difficulty. Twelve days 
after the operation, the sensibility of the left eye was dis- 
tinct, but slight.* There was no redness of the conjunctiva, 
and the opacity of the cornea had disappeared. The animal 
was in good condition, the line of contact of the upper with 
the lower incisors, when the jaws were closed, was very 
oblique. The animal was kept alive by careful feeding with 
bread and milk for one hundred and seven days after the 
operation, there never being any inflammation of the organs 
of special sense. It died at that time of inanition, having 
become very much emaciated. The animal never recovered 
power over the muscles of mastication of the left side, and 
the incisors grew to a great length, interfering very much 
with mastication, which seemed to be the cause of death, 

Longet, in 1842, furnished a satisfactory explanation of 
the absence of inflammation in certain cases of division of 
the fifth. He attributed the consecutive inflammation in 
most experiments to lesion of the ganglion of Gasser and 
of the sympathetic connections, which are very numerous at 
this point. These sympathetic filaments are avoided when 
the section is made behind the ganglion.' 

The explanation of the phenomena of disordered nutri- 
tion in the organs of special sense, particularly the eye, fol- 
Jowing division of the fifth, is not afibrded by the section of 
this nerve alone ; for, as we have seen, when the loss of sen- 

* We have observed in other experiments gradual return of sensibility, after 
what appeared to have been complete division of the fifth. 

* LoNOET, Anatomie et ph^aioiogie du sysihne furveux^ Paris, 1842, tome ii^ 
p. 162. 
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fiibility is complete after division of the nerve behind the 
Gasserian ganglion, these results may not follow. Nor are 
they explained by deficiency in the lachrymal secretion, for 
they are not observed when both lachrymal glands have 
been extirpated. They are not due to exposure of the eye- 
ball, for they do not follow aipon section of the facial. Nor 
are they due simply to an enfeebled general condition, for, 
in the experiment we have detailed, the animal died of inani- 
tion after section of the nerve, without any evidences of in- 
flammation. In view of the fact that section of sympathetic 
filaments is well known to modify the nutrition of parts to 
which they are distributed, producing congestion, increase in 
temperature, and other phenomena, it is rational to infer 
that the modifications in nutrition which follow section of 
the fifth after it receives filaments from the sympathetic sys- 
tem, not occiu'ring when these sympathetic filaments escape 
division, arc to be attributed to lesion of the sympathetic, 
and not the division of the sensory nerve itself. 

A farther explanation is demanded for the inflamma- 
tory results which follow division of the sympathetic flla- 
ments joining the fifth, inasmuch as division of the sym- 
pathetic alone in the neck produces simply exaggeration of 
the nutritive processes, as evidenced chiefly by local increase 
in the animal temperature, and not the well-known phenom- 
ena of inflammation. 

It has been remarked by Bernard, that the " alterations 
in nutrition appear more promptly in animals that are enfee- 
bled." * Section of the small root of the fifth, which is un- 
avoidable when the nerve is divided in the cranial cavity, 
generally interferes so much with mastication as to influence 
seriously the general nutrition ; and this might modify the 

^ Be3U(ard, Leforu ntr la phydologie ei la paihologie du syttoM nerrevx^ Pftris, 
1858, tome ii., p. 62. Bernard (op. city p. 518), in discussing the effects upon 
calorification and nutrition of the face of division of the sympathetic in the neck, 
states that " tiie effects of calorification of the great sympathetic may be trans- 
formed into inflammatory phenomena when the animal becomes enfeebled/' He 
divided the sympathetic with the pneumogastric in the neck of a dog, on the 
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nutritive processes in delicate organs, like the eye, so as to 
induce those changes which are called inflammatory. The 
following observation, communicated by Dr. W. H. Mason, 
Professor of Physiology in the Medical Department of the 
University of Buffalo, is very striking in this connection : 

The fifth pair of nerves was -divided in a cat in the ordi- 
nary way. By feeding the animal carefully with milk and 
finely-chopped meat, the nutrition was maintained at a high 
standard, and no inflammation of the eye occurred for about 
four weeks. The supply of food was then diminished to 
about the quantity it would be able to take without any spe- 
cial care, when the eye became inflamed, and perforation of 
the cornea and destruction of the organ followed. The ani- 
mal was kept for about five months ; at the end of which 
time, sensation on the affected side, which had been gradu- 
ally improving, was completely restored.* 

The explanation we have to offer of the consecutive in- 
flammatory effects of section of the fifth with its communicat- 
ing sympathetic filaments is the following : By dividing the 
sympathetic, the eye and the mucous membranes of the nose, 
mouth, and ear are rendered hypersemic, the temperature is 
probably raised, and the processes of nutrition are exagger- 
ated. This condition of the parts would seem to require a 
full supply of nutritive material from the blood, in order to 
maintain the condition of exaggerated nutrition ; but when 
the blood is impoverished, probably as the result of defi- 
ciency in the introduction of nutritive matter, from paraly- 

left side. A few days after, he made experimeDts on the salivary secretion, and 
finally took away a portion of .the cephalo-rachidian fluid. " This last operation 
made the animal sick and produced an inflammation of the nervous centres : 
death occurred five days after. What was remarkable was that the mucous 
membranes on the side of the face corresponding to the section of the sympa- 
thetic became the seat of violent inflammation, from the moment that the animal 
began to become enfeebled from the disease. There was abundant suppuration 
from the nostril, the buccal mucous membrane, and the conjunctiva of the left 
Bide, while on the opposite side the corresponding mucous membranes were in 
the normal condition/' 

* Written communication from Prof. Mason. 
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618 of the muscles of mastication upon one side, the nutri- 
tive processes in these delicate parts are seriously modified, 
so as to constitute inflammation. The observation just de- 
tailed is nn argument in favor of this view ; for here the in- 
flammatory action seemed to be arrested when the action of 
the paralyzed muscles was supplied by careful feeding. With 
this view, the disorders of nutrition observed after division of 
the fifth may properly be referred to the sympathetic system. 

Pathological facts in confirmation of experiments upon 
the fifth pair in the lower animals are not wanting ; but it 
must be remembered that, in cases of paralysis of the nerve 
in the human subject, it is not always possible to locate ex- 
actly the seat of the lesion and to appreciate fiilly its extent, 
as can be done when the nerve is divided by an operation. 
In studying these cases, it sometimes occurs that the phe- 
nomena, particularly those of modified nutrition, are more 
or less contradictory. 

In nearly all the works on physiology, we find references 
to cases of paralysis of the fifth in the human subject. One 
of the most interesting is the case already referred to, re- 
ported by Mayo, which was published before the experi- 
ments of Magendie.* Numerous cases of this kind have 
been collected by Longet." In the appendix to the work of 
Sir Charles Bell on the Nervous System, several cases are 
reported,* observed by himself and collated from various 
sources. We have already referred to the cases cited by 
Schiff and by Lussana, some of which showed alteration of 
taste, while in others this symptom was absent.* In a re- 
cent article by Dr. H. D. Noyes, Professor of Ophthalmol- 
ogy in the Bellevue Hospital Medical College, two interest- 

< See page 196. 

* LoVQVTy Anatomie et phytioloffie du syathne nervettXy Paris, 1842, tome it, 
p. 191, d 8eq. 

* Bbll, The Kervout S^ttem of the Human Body, London, 1S44, Appendix. 

* See page 195. 

It is unnecessary to cite all the cases reported of paralysis of the fifth, but 
they are quite numerous. In addition to those already referred to, the following 
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ing cases are reported, whicli we had an opportunity of ex- 
amining during the progress of treatment. In both of these 
eases, there was inflammation of the eye. In one case, the 
tongue was entirely insensible upon on side, but there was 
no impairment of the sense of taste. An interesting feature 
in one of the cases was the fact that an operation upon the 
eyelid of the affected side was performed without the slight- 
est evidence of pain on the part of the patient.* 

These cases of paralysis of the fifth in the human subject 
in the main confirm the results of experiments upon the in- 
ferior animals. In all the cases in which the fifth nerve 
alone was involved in the disease, without the portio dura 
of the seventh, there was simply loss of sensibility upon one 
side, the movements of the superficial muscles of the face be- 
ing unaffected. When the small root was involved, the mus- 
cles of mastication upon one side were paralyzed ; but in cer- 
tain cases in which this root escaped, there was no muscular 
paralysis. The sense of sight, hearing, and smell, except as 
they were affected by consecutive inflammation, were little, 
if at all, disturbed in uncomplicated cases. The sense of 
taste in the anterior portion of the tongue was perfect, except 
in those cases in which the seventh, the chorda tympani, or 
the lingual branch of the fifth after it had been joined by the 
chorda tympani, was involved in the disease. In some cases, 
there was no alteration in the nutrition of the organs of spe- 
cial sense ; but in this respect the facts with regard to the 
seat of the lesion are not so satisfactory as in experinlents 
upon the lower animals, it being difficult, in most of them, 
to limit the exact boundaries of the lesion. 

are the most important and satisfactory in their details : The case reported by 
Montault (Journal de phytiologie^ Paris, 1829, tome ix., p. 113) ; a case by Dr. 
Beveridge {Medical Times and OauOt, London, 1868, No. 921, p. 199) ; a case 
by Althaus (Medico- Chirurffieal TranaacHonSy London, 1869, voL lii., p. 27) ; and 
two cases by Rosenthal (Medidniache Jahrhucher^ Wien, 1870, Bd. xix., Heft iL 
und iii., S. 163). 

> Notes, Paralt/tis of the Fi/ih Cerebral Nerve, and Ui EffeeU.-'New York 
Medical Journal, 1871, voL xiy., p. 168, e< uq. 
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CHAPTER Vm. 

PNEUMOGA8TRI0, OB PAB VAQTJM NERVE. 

Pbeumogastric nerve (second division of the eighth)— Physiological anatomy — 
Properties and functions of the pneumogastrio — General properties of the 
roots — Properties and functions of the auricular nerves — ^Properties and 
functions of the pharyngeal nerves — ^Properties and functions of the supe- 
rior laryngeal nerves — ^Properties and functions of the inferior, or recurrent 
laryngeal nerves — ^Properties and functions of the cardiac nerves, and influ- 
ence of the pneumogastrics upon the circulation — Depressor-nerve of the 
circulation — Properties and functions of the pulmonary branches, and influ- 
ence of the pneumogastrics upon respiration — Properties and functions of 
the oesophageal nerves — ^Properties and functions of the abdominal branches 
— Influence of the pneumogastrics upon the liver — Influence of the pneumo- 
gastrics upon the stomach and intestines — Summary of the distribution, 
properties, and functions, of the pneumogastrics. 

Of all the nerves emerging from the cranial cavity, the 
pnenmogastrie, the second division of the eighth pair, pre- 
sents the greatest number of anastomoses, the most remark- 
able course, and the most varied and interesting functions. 
Arising from the medulla oblongata by a purely sensory 
root, it communicates with at least five motor nerves in its 
course, and is distributed largely to muscular tissue, both of 
the voluntary and the involuntary variety. Finally, there 
is no nerve that has been the subject of such extended and 
elaborate anatomical and physiological investigations, and 
none, concerning the properties and exact functions of which 
there has been so much difierence of opinion. 

"We shall have to treat of the influence of the pnenmo- 
gastrie upon the act of deglutition, the heart and circulatory 
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system, the respiratory system, the stomach, intestines, and 
various glandular organs. An indispensable introduction to 
this study is a description of its physiological anatomy. 

Phydologicdl Anatomy, — The apparent origin of the 
pneumogastric is from the lateral portion of the medulla 
oblongata, just behind the olivary body, between the roots 
of the glosso-pharyngeal and of the spinal accessory. The 
deep origin "& mainly from what is sometimes called the 
nucleus of the pneumogastric, in the inferior portion of the 
gray substance in the floor of the fourth ventricle. The 
course of the fibres, traced from without inward, is some- 
what intricate. The description of these, given by Vulpian, 
in 1853, has been pretty generally verified by more recent 
dissections, as well as by microscopical investigations. 

Yulpian regards the deep origins of the pneumogastric 
and glosso-pharyngeal nerves as, in the main, identical. 
Tracing the filaments from without inward, he was able to 
follow them in four directions. The anterior filaments pass 
from without inward, first very superficial and directed 
toward the olivary body, but turning before they reach the 
olivary body, they pass deeply into the substance of the res- 
tiform body, in which they are lost. The posterior fila- 
ments are superficial, and pass, with the fibres of the resti- 
form body, toward the cerebellum. Of the intermediate 
filaments, the anterior pass through the restiform body, the 
greatest number extending to the median line in the floor 
of the fourth ventricle. A few fibres are lost in the middle 
fasciculi of the medulla, and a few pass toward the brain. 
The posterior intermediate filaments traverse the restiform 
body to the floor of the fourth ventricle, when some pass to 
the median line, and others descend in the substance of the 
medulla.* Vulpian states that he has not been able to fol- 
low the fibres of origin of the pneumogastrics beyond the 

1 Vulpian, Esaai mr Voriffine de plutieun pairtB des nerf^ erament^ Thiete^ 
Paris, 1863, p. 89. 
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median line, but more recent observations leave no doubt 
of the fact that many of these fibres decussate in the floor 
of the fourth ventricle/ 

There are two ganglionic enlargements belonging to the 
pneumogastric. In the jugular foramen, is a well-marked, 
grayish, ovoid enlargement, from one-sixth to one-foui-th of 
an inch in length, called the jugular ganglion, or the gan- 
glion of the root. This is united by two or three filaments 
with the ganglion of the glosso-pharyngeal. It is a true gan- 
glion, containing nerve-cells. After the nerve has emerged 
from the cranial cavity, it presents on its trunk another 
grayish enlargement, from half an inch to an inch in length, 
called the ganglion of the trunk. This is of rather a plexiform 
structure, the white fibres being mixed with grayish fibres 
and nerve-cells. 

The exit of the nerve from the cranial cavity is by the 
jugular foramen, or posterior foramen lacerum, in company 
with the spinal accessory, the glosso-pharyngeal, and the 
internal jugular vein. 

Anastomoses, — The filaments of communication which 
the pneumogastric receives from other nerves are interesting 
from their great importance and their varied sources. The 
most important of these is the branch from the spinal acces- 
sory. There are occasional filaments of communication 
which pass from the spinal accessory to the ganglion of the 
root, but they are not constant. After both nei'ves have 
emerged from the cranial cavity, an important branch of 
considerable size passes from the spinal accessory to the 
pneumogastric, with which it becomes closely united. Ex- 
periments have shown that these filaments from the spinal 
accessory pass in great part to the larynx by the inferior 
laryngeal nerves. 

In the aquseductus Fallopii, the facial nerve gives off a 

1 Dean, Tlie Gray Subttaneeo/ihe Medulla Oblongata and Trapezium, Wash- 
ington, 1864, p. 27. 
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filament of communication to the pnenmogastric at the gan- 
glion of the root. This filament, joined at the ganglion by 
sensory filaments from the pnenmogastric and some fila- 
ments from the glosso-pharyngeal, is called the auricular 
branch of Arnold. By some anatomists, it is regarded as a 
branch from the facial,* and by others it is described with 
the pnenmogastric* 

Two or three small filaments of communication pass 
from the sublingual to the ganglion of the trunk of the 
pnenmogastric. 

At the ganglion of the tnmk, the pnenmogastric gener- 
ally receives filaments of communication from the arcade 
formed by the anterior branches of the first two cervical 
nerves. These, however, are not constant. 

The pnenmogastric is connected with the sympathetic 
system by numerous delicate filaments of communication re- 
ceived from the superior cervical ganglion, passing in part 
upward toward the ganglion of the root of the pnenmogas- 
tric, and in part transversely and downward. These fila- 
ments are frequently short, and, as it were, bind the sympa- 
thetic ganglion to the trunk of the nerve. The main trunk 
of the pnenmogastric and its branches receive a few delicate 
filaments of commimication from the middle and inferior 
cervical and the upper dorsal ganglia of the sympathetic. 

The pnenmogastric frequently sends a very delicate fila- 
ment to the glosso-pharyngeal nerve, at or near the gan- 
glion of Andersch. Branches from the pnenmogastric join 
branches from the glosso-pharyngeal, the spinal accessory, 
and the sympathetic, to form the pharyngeal plexus. 

Distribution, — ^In describing the very extensive distribu- 
tion of the pneumogastrics, while the nerves upon the two 
sides do not present any important diiferences in the desti- 
nation of their filaments as far down as the diaphragm, it 

* HiBSCHTELD, 8if9thne nerveux^ Paris, 1866, p. 206. 

* SiPPBT, Traite cTanaiomie^ Paris, 1862, tome il, p. 28Y. 
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will be seen that the abdominal branches are not the same. 
The most important branches are the following : 

1. Auricular. 

2. Pharyngeal. 

3. Superior laryngeal. 

4. Inferior, or recurrent laryngeal. 

5. Cardiac, cervical and thoracic. 

6. Pulmonary, anterior and posterior. 

7. (Esophageal. 

8. Abdominal. 

The auricular nerves are sometimes described in connec- 
tion with the facial. They are given off from the ganglion 
of the trunk, and are composed of filaments of communica- 
tion from the facial and from the glosso-pharyngeal, as well 
as of filaments from the pneumogastric itself. The nerve 
thus constituted is distributed to the integument of the up- 
per portion of the external auditory meatus, and a small 
filament, according to Sappey, is sent to the membrana 
tympani.* 

The pharyngeal nerves are very remarkable in their 
course. They are given off from the superior portion of 
the ganglion of the trunk, and contain a large number of 
the filaments of communication which the pneumogastric 
receives from the spinal accessory. In their course by the 
sides of the superior constrictor muscles of the pharynx, 
these nerves anastomose with numerous filaments from the 
glosso-pharyngeal and the superior cervical ganglion of the 
sympathetic, to form what is known as the pharyngeal 
plexus. The ultimate filaments of distribution pass to the 
muscles and the mucous membrane of the pharynx. Physi- 
ological experiments have shown that the motor influence 
transmitted to the pharyngeal muscles through the pharyn- 
geal branches of the pneumogastric is derived from the spi- 
nal accessory.' 

The superior laryngeal nerves are given off from the 

* Sappet, TVailS d'tmcUomie^ Paris, 1862, tome ii., p. 287. * See page 176. 
114 
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lower part of the ganglion of the trunk. Their filaments 
come from the side opposite to the point of junction of the 
pneumogastric with the communicating branch from the spi- 
nal accessory, so that probably the superior laiyngeals con- 
tain few if any motor fibres from this nerve. The superior 
laryngeal gives off the external laryngeal, a long, delicate 
branch, which gives a few filaments to the inferior con- 
strictor of the pharynx, and is distributed to the crico-thy- 
roid muscle and the mucous membrane of the ventricle of 
the larynx. The external laryngeal anastomoses with the 
inferior Laryngeal and with the sympathetic. The internal 
branch is distributed to the mucous membrane of the epi- 
glottis, the base of the tongue, the aryteno-epiglottidean fold, 
and the mucous membrane of the larynx as far down as the 
true vocal cords. A branch from this nerve, in its course 
to the larynx, penetrates the arytenoid muscle, to which it 
sends a few filaments, but these are all sensory. This branch 
also supplies the crico-thyroid muscle. It anastomoses with 
the inferior laryngeal nerve. An important branch, de- 
scribed by Cyon and Ludwig, in the rabbit, under the name 
of the depressor-nerve, arises by two roots, one from the su- 
perior laryngeal and another from the trunk of the pneumo 
gastric, passes down the neck by the side of the sympathetic, 
and, in the chest, joins filaments from the thoracic sympa- 
thetic, to penetrate the heart between the aorta and the 
pulmonary artery.* This nerve will be referred to more 
particularly in connection with the influence of the pneu- 
.mogastrics upon the circulation. 

It is important, from a physiological point of view, to 
note that the superior laryngeal nerve is the nerve of sensi- 
bility of the npper part of the larynx, as well as the supra- 
laryngeal mucous membranes, and that it animates a single 
muscle of the larynx, the crico-thyroid, and the inferior con- 
strictor of the pharynx. 

' Cton kt Ludwio, Action reJUze (Tun des nerfs stnsiUet du eotur sur leg ner/t 
iHUO-moieun, — Journal de ranatomie, Paris, 1867, tome iv., p. 472, d aeq. 
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The inferior, or recurrent laryngeal nerves present some 
filigbt differences in their anatomy upon the two sides. Upon 
the left side, the nerve is the larger, and is given off at the 
arch of the aorta. Passing beneath this vessel, it ascends 
in the groove between the trachea and the oesophagus. In 
its upward course, it gives off certain filaments which join 
the cardiac branches, filaments to the muscular tissue and 
mucous membrane of the upper part of the oesophagus, fila- 
ments to the mucous membrane and the inter-cartilaginous 
muscular tissue of the trachea, one or two filaments to the in- 
ferior constrictor of the pharynx, and a branch which joins 
the superior laryngeal. Its terminal branches penetrate the 
larynx behind the posterior articulation of the thyroid with 
the cricoid cartilage, and are distributed to all of the intrin- 
sic muscles of the larynx, except the crico-thyroids, which 
are supplied by the superior laryngeal. 

Upon the right side, the nerve winds from before back- 
ward around the subclavian artery^ and has essentially the 
same course and distribution as upon the left side, except 
that it is smaller and its filaments of distribution are not so 
numerous. 

The important physiological point connected with the 
anatomy of the recurrent laryngeals is that they animate all 
of the intrinsic muscles of the larynx, except the crico-thy- 
roid. Experiments have shown that these nerves contain 
numerous filaments from the spinal accessory. 

The cervical cardiac branches, two or three in number, 
arise from the pneumogastrics at different points of the cer- 
vical portion and pass to the cardiac plexus, which is formed 
in great part of filaments from the sympathetic. The tho- 
racic cardiac branches are given off from the pneumogastrics 
below the origin of the inferior laryngeals, and join the car- 
diac plexus. 

The anterior pulmonary branches are few and delicate 
as compared with the posterior branches. They are given 
off below the origin of the thoracic cardiac branches, send 
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a few filaments to the trachea, then form a plexus which 
surrounds the bronchial tubes and follows the bronchial tree 
to its terminations in the air-cells. The posterior puhnonary 
branches are larger and more numerous than the anterior. 
They communicate freely with sympathetic filaments from 
the upper three or four thoracic ganglia, and then form the 
great posterior pulmonary plexus. From this plexus, a few 
filaments go to the inferior and posterior portion of the tra- 
chea ; a few pass to the muscular tissue and mucous mem- 
brane of the middle portion of the oesophagus ; and a few 
are sent to the posterior and superior portion of the pericar- 
dium. The plexus then surrounds the bronchial tree, and 
passes with its ramifications to the pulmonary tissue, like the 
corresponding filaments of the anterior branches. According 
to Sappey, the pulmonary branches are distributed to the mu- 
cous membrane, and not to the walls of the blood-vessels.* 

The oesophageal branches take their origin from the 
pneumogastrics above and below the pulmonary branches. 
These branches from the two sides join to form the oesopha- 
geal plexus, their filaments of distribution going to the mus- 
cular tissue and the mucous membrane of the lower third 
of the oesophagus. 

The abdominal branches are quite difierent in their dis- 
tribution upon the two sides. 

On the left side, the nerve, which is situated anterior to 
the cardiac opening of the stomach, immediately after its 
passage by the side of the oesophagus into the abdomen, di- 
vides into numerous branches, which are distributed to the 
muscular walls and the mucous membrane of the stomach. 
As the branches pass from the lesser curvature, they take a 
downward direction and go to the liver, and, with another 
branch running between the folds of the gastro-hepatic 
omentum, follow the course of the portal vein in the hepatic 
substance. The branches of this nerve anastomose with the 
nerve on the right side and with the sympathetic. 

* SAPPiy, Traits (TanaiomU^ Paris, 1852, tome il, p. 294. 
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The right pneumogastric, situated posteriorly, at the 
(Esophageal opening of the diaphi*agm, sends a few filaments 
to the muscular coat and the mucous membrane of the 
stomach, passes backward, and is distributed to the liver, 
spleen, kidneys, suprarenal capsules, and finally to the whole 
of the small intestine. 

The branches to the small intestine are very important. 
These were accurately described in 1860, by KoUmann, in 
an elaborate and beautifully-illustrated prize-essay. In the 
plate showing the distribution of this nerve, it is seen that 
the branches to the intestine are very numerous. Accord- 
ing to these researches, the branches described belong to the 
pneumogastric itself, and are not derived from the sympa- 
thetic' When we come to treat of the action of the pneu- 
mogastric upon the small intestine, it will be seen that the 
anatomical researches by KoUmann are fully confirmed by 
physiological experiments. Before the nerves pass to the 
intestines, there is a free anastomosis and interchange of 
filaments between the right and the left pneumogastric. 

Properties and Functions of the Pneumogastric Neri^es. 

There is no nerve in the body that has been the subject 
of so many experiments, and concerning which so much has 
been written, as the pneumogastric. Its accessible position 
m many parts of its course, its extensive connections with 
the digestive, the respiratory, and the circulatory system, 
and the evident importance of its relations, have rendered 
the literature connected with its physiology somewhat redun- 
dant. "We do not propose to discuss in full all of the views 
entertained from time to time with regard to its functions, 
hut to state merely what seem to* be well-ascertained facts, 
and the most reasonable inferences, where the facts are difli- 

' EoLDCANN, U^ber den Verktuf des Lungenmagennerven in der Bauchhole, 
Mne Preig9chrifL — ZeUsehriftfur Vfusensckafiliche ZocHogie, Leipzig, 1860, Bd. x., 
a 418, d aeq. 
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cult of demonstration. In treating cf the functions of tliis 
nerve, we shall be compelled to make constant reference ta 
its anatomy, and for that reason have described pretty fully 
in detail most of the important points in its connections and 
distribution. 

Although the extensive distribution of the pneumogas- 
tricB and their importance will necessitate a long discussion 
of their physiology, we shall endeavor to separate the points 
to be considered distinctly, and simplify the subject as much 
as possible. 

We shall first treat of the general properties of those fila- 
ments derived from the true roots of the nerves, and, follow- 
ing them in their course, shall note the properties derived 
from their connections with other nerves. 

We shall then treat of the properties of the different 
branches of the nerves, under distinct heads, taking up these 
branches as they are given oflf, from above downward. In 
this, we shall consider first the properties and functions 
of the auricular branches ; next, of the pharyngeal branches, 
with their influence upon the action of the pharynx in deglu- 
tition ; next, the superior and inferior laryngeal branches, 
with their relations to the physiology of the larynx ; next 
the cardiac branches, with their influence on the move- 
ments of the heart and the circulation ; next, the pidmonary 
branches, with the function of the nerves in connection with 
respiration ; next, the oesophageal branches, in connection 
with the influence of the nerves upon the action of the 
oesophagus, in deglutition ; next, the abdominal branches, 
with the influence of the nerves in connection with diges- 
tion and the functions of the abdominal viscera. By divid- 
ing up, in this way, the action of the pneumogastrics, it is 
hoped that their physiology may be relieved of much of 
the complexity in which it is apparently involved. 

General Properties of the Boots of Origin of tJie Pneu- 
mogastrics. — ^All who have operated on the pneumogastrics 
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in the cervical region in living animals have noted their ex- 
ceedingly dull sensibility, as compared with the ordinary 
sensory nerves. Bernard, indeed, states that in this region 
they are generally insensible ; * but we have usually found, 
in dogs at least, that their division is attended with slight 
evidences of pain. Without citing in detail all the experi- 
ments on this point, it is sufficient to state that some physi- 
ologists, on galvanizing or otherwise irritating the roots of 
the nerves in animals just killed, have noted movements of 
the muscles of deglutition, of the oesophagus, and the muscu- 
lar coats of the stomach. These experiments have led to the 
opinion that the proper roots of the nerves are motor as well 
as sensory. It becomes, therefore, a difficult as well as an 
important point to determine whether or not the roots be 
of themselves exclusively sensory or mixed. 

In discussing the properties of the roots, we shall rely 
almost entirely upon direct experiments; though the argu- 
ments drawn from their anatomical characters, in the pres- 
ence of ganglia and the deep origin of their fibres, point 
strongly to their sensory character. 

It is impossible to stimulate the roots, before they have 
received motor filaments from other nei-ves, in living ani- 
mals, and the experiments are therefore made upon animals 
just killed, before the nervous irritability has disappeared. 
If the true roots of the nerves be exclusively sensory, their 
galvanization in animals just killed should produce, by di- 
rect action, no muscular contraction. K the roots contain 
any motor filaments, contraction of muscles should follow 
their stimulation. The proper physiological conditions in 
such experiments are the following : 

1. It is necessary to stimulate the roots so that the fila- 
ments from the spinal accessory and other motor nerves be 
not involved. 

2. It is important to ascertain, provided movements follow 
such irritation, whether or not they be due to reflex action. 

' Bernard, Sysi^me nerveux^ Paris, 1868, tome ii., p. 846. 
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The first of thefie conditions is easily fulfilled. All that 
is necessary is to stimulate the roots before the nerves have 
received any anastomosing filaments. To avoid contractions 
of muscles due to reflex action, it is best to divide the roots 
and to stimulate their distal portion. K it be true tliat 
stimulation of the distal extremities of the roots, the irrita- 
tion so applied as not to involve communicating filaments 
from motor nerves, and not to be conveyed to the centres, 
producing reflex movements through other nerves, does not 
produce any movements, it is fair to assume that the true 
filaments of origin are exclusively sensory. The facts upon 
this point demand careful and critical study ; and it will be 
proper to discard the earlier experiments, made before the 
mechanism of reflex action had been satisfactorily estab- 
lished. 

If the experiments of Longet be accepted without re- 
serve, they prove — as conclusively as is possible without ex- 
posing the roots in living animals, an operation which is 
impracticable — that the true filaments of origin of the pneu- 
mogastrics are exclusively sensory ; at least, that the nerve 
contains no motor filaments except those derived from other 
nerves. The following quotation gives the essential points 
in these experiments : 

" In dogs of large size and in horses, I have isolated in 
the cranium, with the most minute care, the pneumogastric 
of the medulla oblongata and the superior filaments of the 
spinal accessory {intei^nal hrancK)^ in order to avoid all reflex 
movement and any derivative current upon the last-named 
nerve ; I then immediately caused the current to act exclu 
sively upon the filaments of origin of the pneumogastric, 
without having ever seen the slightest contraction super- 
vene, either in the muscles of the larynx or pharynx, or in 
the muscular tunic of the oesophagus, or elsewhere. 

" But also I have never failed to demonstrate to all those 
who witnessed my experiments, how it is easy to obtain op- 
posite results in neglecting only one precaution : it suffices, 
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for example, to sb'ghtly moisten the slip of glass or oiled silk 
whieli serves to isolate the two nerves, in order that the cur- 
rent should act immediately upon the superior filaments of 
the spinal accessory, from which we have marked contrac- 
tions in the organs just mentioned." ^ 

These experiments seem entirely conclusive. In treat- 
ing of the reflex phenomena of deglutition and their rela- 
tions to the superior branches of the pneumogastric, the 
pharyngeal, and the superior laryngeal, it will be seen that 
irritation, either of these nerves or of the mucous membranes 
to which they are distributed, will produce contractions in 
the muscles. All who are practically familiar with the ap- 
plication of electricity to the nerves know how difficult it is 
to insulate the nervous trunks so as to avoid the influence 
of "derived" currents. In carefully studying the experi- 
ments of Longet, it seems that all the physiological condi- 
tions were fulfilled ; and that when the nerve is divided at the 
root and the stimulation is applied to the peripheral end, so 
as to cut off all reflex action from the nervous centres, and 
when sufficient care is exercised to prevent the propagation 
of the current to the motor connections of the pneumogas- 
tric, the nerve, from its origin at the medulla oblongata to 
the ganglion of the root, contains no motor filaments, and 
is therefore exclusively sensory. 

Among the more recent experiments which have led to 
the view that the roots of the pneumogastrics contain motor 
filaments, are those of Chauveau, made in 1862, and of Van 
Kempen, published in 1863. In the experiments of Chau- 
veau, the excitation was applied to the roots of the nerves 
in animals just killed, with the effect of producing energetic 
contractions of the oesophagus and stomach. The roots, 
however, were not divided.' It is stated in this article that 
all reflex action ceases in adult mammals with the move- 

* Longet, TrakS de physiologie^ Pans, 1869, tome iii., p. 508. 

• Chauteau, Du nerf pnewnogasiriquej etc. — Journal de la phytiologie^ Paris, 
1862, tome v., p. 198. 
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ments of the heart.' This assumption is too broad ; and 
. certainly it would not have been less accurate, and would 
have answered a vital objection, if the nerve had been di- 
vided and galvanization had been applied to its peripheral 
extremity ; for it is well known that so long as the motor 
nerves and the muscles retain their irritability, contractions 
will follow their stimulation after they have been separated 
from the centres. In the experiments just cited, there is 
every reason to believe that the contractions of the oesoph- 
agus and stomach were purely reflex. The remarks just 
made concerning the experiments of Chauveau are equally 
applicable to those of Van Kempcn, in which it is not stated 
that the roots were divided ;* and, as far as we know, there 
are no direct observations showing contraction of muscular 
tissue following stimulation of the roots of the pneumogas- 
tries, which cannot be explained by the principle of reflex 
action, or by the supposition that the stimulation was ex- 
tended to communicating motor filaments. In view of these 
facts, we do not consider it necessary to disctiss the question 
more fully in detail, and will adopt, without reserve, the 
conclusions of Longet, that the true filaments of origin of 
the pneumogastrics are exclusively sensory, or, at least, that 
they have no motor properties. 

Properties and Functions of the Auricular Nei^es. — 
There is very little to be said with regard to the auricular 
nerves, after the description we have given of their anat- 
omy. They are sometimes described with the facial and 
sometimes with the pneumogastric. They contain filaments 
from the facial, the pneumogastric, and the glosso-pharyn- 
gcal. The sensory filaments of these nerves give sensibility 
to the upper part of the external auditory meatus and the 
membrana tympani. 

^ Chau YEAU, Du nerf pneumoffostrigue, etc. — Journal dt la phyiiolcffiSy Paris, 
1862, tome v., p. 193. 

* Van Eehpen, Kouvelles rtcherchei tur la nature fonehonelU det raeines du 
nerf pneumogastrique el du nerf spmaL— Journal de la phytiologie^ Paris, 1868, 
tome vi., p. 284, et teg. 
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Properties <md Fnnctions of the Pharyngeal Nei'ves,— 
The pharyngeal branches of the pneumogastrie are mixed 
nerves, their motor filaments being derived from the spinal 
accessory. Their direct action upon the muscles of degluti- 
tion belongs to the physiological history of the last-named 
nerve. We have already stated, in treating of the spinal ac- 
cessory, that the filaments of communication that go to the 
pharyngeal branches of the pneumogastrie are distributed to 
the pharyngeal muscles.* 

It is impossible to divide aU of the pharyngeal filaments 
in living animals and observe directly how far the general 
sensibility of the pharynx and the reflex phenomena of deg- 
lutition are influenced by this section. As far as we can 
judge from the distribution of the filaments to the mucous 
membrane, it would seem that they combine with the pha- 
ryngeal filaments of the fifth, and possibly sensory filaments 
from the glosso-pharyngeal, in giving general sensibility to 
these parts. 

In some recent experiments by Waller and Prevost, on 
the reflex phenomena of deglutition, it is shown that the ac- 
tion of the pharyngeal muscles cannot be excited by stimu- 
lation of the mucous membrane of the supralaryngeal region 
and the pharynx, after section of the fifth and the superior 
laryngeal branch of the pneumog^strics.' This would seem 
to show that the pharyngeal branches of the pneumogastrics 
are of little or no importance in these reflex phenomena. 

Properties and Functions of the Superior Laryngeal 
Nerves. — The distribution of these nerves points to a double 
function ; viz., an action upon the crico-thyroid muscles, and 
the important office of supplying general sensibility to the 
upper part of the larynx and a portion of the surrounding 
mucous membrane. 

^ See page 176. 

• Waller ct Prevost, tihtde rdative aux ner/s sermH/s qui prSsideni tntx 
phenomena re/lexet de la deglutUion, — Archives de jphytiologie^ Paris, 18Y0, tome 
iiL, p. 847. 
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The stimulation of these nerves produces intense pain 
and contraction of the crico-thyroids ; but it has been shown 
by experiment that the arytenoid muscles, through which 
the nerves pass, receive no motor filaments.* 

The action of the nerves upon the muscles is very sim- 
ple, and resolves itself into the fimction of the crico-thyroids, 
which has been treated of fully under the head of phona- 
tion.' When these muscles are paralyzed, tlie voice be- 
comes hoarse. The filaments to the inferior muscles of the 
pharynx are few. and comparatively unimportant. It is im- 
portiint in this connection to note that the superior laryn- 
geal do not receive their motor filaments from the spinal 
accessory. 

The sensory filaments of the superior laryngeals have 
Important functions cohnected with the protection of the 
air-passages from the entrance of foreign matters, particu- 
larly in deglutition, and are further concerned, as we shall 
see, in the reflex action of the constrictors of the pharynx. 
In treating of deglutition, in another volume, we have fully 
discussed the importance of the exquisite sensibility of the 
top of the larynx in the protection of the air-passages. 
Wlien both superior laryngeals have been divided in living 
animals, liquids often pass into the larynx in small quantity, 
owing to the absence of the reflex closure of the glottis 
when foreign matters are brought in contact with its snpe- 
rior surface, and the occasional occnrrence of inspiration 
during deglutition.* 

Aside from the protection of the air-passages, the supe- 
rior laryngeal is one of the sensory nerves tlirough which 
the reflex acts in deglutition operate. There are certain parts 
which depend for their sensibility entirely upon this nerve ; 
viz., the mucous membrane of the epiglottis, the aryteno-epi- 
glottidean fold, and the larynx, as far down as the true vocal 
cords. When an impression is made upon these parts, as 

* LoNOET, Traite de phf/Moffie^ Paris, 1869, tome iii., p. 626. 

' See vol. iii., Voice and Speech, p. 496. • See vol ii., Digestion, p. 197. 
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when they are touched with a piece of meat, regular and 
natural movements of deglutition ensue. In the recent and 
elaborate experiments of "WaUer and Prevost, it was shown 
that, after division of the superior laryngeals, excitation of 
the parts supplied with sensoiy filaments by these nerves 
produced no movements of the pharynx.* 

The experiments made by galvanizing the trunks of the 
nerves are extremely interesting. If the nerves be divided 
and galvanization be applied to' their central ends, move- 
ments of deglutition are observed, and there is also arrest 
of the action of the diaphragm. From these experiments, 
fii-st elaborated by Eosenthal,' it would seem that the im- 
pression which gives rise to the movements of deglutition 
aids in protecting the air-passages from the entrance of for- 
eign matters, by temporarily arresting the inspiratory act. 
These experiments of Rosenthal have been repeated very 
extensively by physiologists ; and concerning the effects of 
galvanization of the superior laryngeals upon respiration, 
there is considerable difference of opinion. 

The important point for our consideration, in this con- 
nection, is the action of the nerves in the ordinary phe- 
nomena of deglutition ; and in experiments with galvanism, 
a feeble current simulates most nearly the natural pro- 
cesses. In such experiments, the results have been quite 
satisfactory. Waller and Prevost used a very feeble current, 
and confirmed entirely the observations of Eosenthal. They 
found, also, that galvanization of the roots of the pneumo- 
gastrics above the origin of the laryngeals produced the same 
effects as galvanization of the trunks of the superior laryn- 
geals.' The experiments in which a powerful current of 

^ Waller et Prevost, op. cU, — Archives de physiologie, Paris, 1870, tome 
iii., p. 847, et seq. 

* Rosenthal, De Cinfluence du nerf pneumoffaatrique et du nerflarynge aupi- 
rieur tur lea mouvementa du diaphragm, — CompUa rendtUj Paris, 1861, tome Iii., 
p. 754 ; and, Di€ Athemheweguugen und ihre Beziehungen gum Nervm vagw, Ber- 
lin, 1862, S. 72. 

*Loc,cU, 
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galvanism was applied to the nei'ves als^ show an arrest of 
respiration ; but it is argued that there is nothing special in 
the action of the superior laryngeals under these conditions, 
inasmuch as other sensitive nerves have been found to act 
in the same way/ This is undoubtedly true ; but it is well 
known that, in living animals, strong impressions made upon 
any of the acutely sensitive nerves arrest respiration, and 
that this is one of the phenomena commonly observed in 
animals struggling under painful operations. In view of 
these facts, it seems tmnecessary to discuss more fully the 
numerous experiments on the effects upon respiration of 
stimulation of the superior laryngeals ; and we can assume 
that it has been demonstrated that an impression made upon 
the terminal filaments of these nerves, such as occurs in the 
ordinary process of deglutition, excites, by reflex action, con- 
traction of the constrictors of the pharynx, and, at the same 
time, momentarily suspends the movements of the diaphragm. 
Important experiments have been made within the past 
few years, upon the action of the pneumogastrics on the cir- 
culation, in which it is claimed that nervous filaments, arising, 
in the rabbit, in part from the trunk of the pneumogastric 
and in part from the superior laryngeal branch, act as reflex 
depressors of the vascular tension. These experiments will 
be fully discussed in connection with the cardiac branches. 

Properties and Fun<jti(m8 of the Inferior^ or Recurrent 
Laryngeal Nerves. — The anatomical distribution of these 
nerves shows that their most important function is con- 
nected with the muscles of the larynx. The few filaments 
which are given off in the neck to join the cardiac branches 
are probably not very important. It is proper to note, how- 
ever, that it supplies the musculai tissue and mucous mem- 
brane of the upper part of the oesophagus and the trachea, and 
one or two branches are sent to the inferior constrictor of 

* Bert, Lefom tur la pkytiologie eorr^rie de la retpiraiiony Paris, 1870, p. 
469, et seq. 
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the pharynx. The function of these filaments is sufficiently 
evident. 

The inferior laryngeals contain chiefly motor filaments, 
judging from their distribution as well as from the effects 
of direct irritation. All who have experimented upon these 
nerves have noted little or no evidence of pain when they 
are stimulated or divided. 

One of the most important functions of the recurrents is 
connected with the production of vocal sounds. In another 
volume, we have fully treated of the mechanism of the voice 
and the action of the intrinsic muscles of the larynx ; * and 
in our account of the physiology of the internal, or com- 
municating branch from the spinal accessory to the pneu- 
mogastric, it has been shown that this is the true nerve of 
phonation.' In the older works upon physiology, before the 
functions of the spinal accessory were fiilly undei-stood, the 
experiments on the inferior laryngeals led to the opinion 
that these were the nerves ot phonation, as they showed loss 
of voice following their division in living animals. It is 
true that these nerves contain the filaments which preside 
over the vocal movements of the larynx ; but it is also the 
fact that these vocal filaments are derived exclusively from 
the spinal accessory, and that the recurrents contain as well 
motor filaments which preside over movements of the larynx 
not concerned in the production of vocal sounds. 

The muscles of the larynx concerned in phonation are, 
the crico-thyroids, animated by the superior laryngeals, and 
the arytenoid, the lateral crico-arytenoids, and the thyro- 
arytenoids, animated by the inferior laryngeals. The poste- 
rior crico-arytenoids are respiratory muscles ; and it is curi- 
ous that these are not affected by extirpation of the spinal 
accessories, but that the glottis is still capable of dilatation, 
so that inspiration is not impeded. If, however, the spinal 
accessories be extirpated, and the larynx be then exposed 
in a living animal, the glottis still remains dilated, but will 

* See vol iiL, Voice and Speech, p. 490, et seq, * See page 170, ei teq. 
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not close wlien irritated. If the inferior laryngeals be then 
divided, tlie glottis is mechanically closed with the inspira- 
tory act, and the animals often die of suffocation. When we 
call to mind the varied sources from which the pneumogas- 
trics receive their motor filaments, it is easy to understand 
how certain of these may preside over the vocal movements, 
and others, from a different source, may animate the respira- 
tory movements. 

As we should naturally expect from what has already 
been said, section of the inferior laryngeal nerves paralyzes 
both the vocal and the respiratory movements of the larynx. 
It is not necessary to refer in detail to the ancient and mod- 
ern experiments illustrating this point, the former dating 
jfrom the time of Galen. In adult animals, the cartilages of 
the larynx are suflSciently rigid to allow of inspiration after 
the organ has been completely paralyzed ; but in young ani- 
mals, the glottis is closed, and suffocation ensues. We have 
generally observed in cats, that suffocation follows immedi- 
ately upon section of the recurrents or of the pneumogastries 
in the neck. 

The impediment to the entrance of air into the lungs is 
a suflScient explanation of the increase in the number of the 
respiratory acts after division of both recurrents. It has 
been obsci'ved by Longet, that the acceleration of respiration 
is much greater in young than in adult animals. This does 
not apply to very young animals, in which section of the re- 
currents produces almost instant death.' 

Waller and Prevost have shown that feeble galvanization 
of the central ends of the inferior laryngeals, after their di- 
vision, produces rhythmical movements of deglutition, gen- 
erally coincident with arrest of the action of the diaphragm. 
These phenomena are generally observed in rabbits, but 
they are not constant.' The reflex action of these nerves in 

* Longet, Tralte de physiologie^ Paris, 1869, tome iii., p. 633. 

* Waller et Prevost, Phenomhiea rejlexea de la d}fflutUi<m. — ArcJtw€9 de 
fhytiologie^ Paris, 1870, tome iii., p. 346. 
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deglutition is probably due to the communicating filaments 
which they send to the superior laryngeal nerves. 

Properties and Functions of the Cardiac Nerves^ and 
Influence of the Pneumogastrics upon the Circulation, — One 
of the most interesting questions connected with the physi- 
ology of the pneumogastric nerves is their action upon the 
heart ; and the results of experiments, which will be fully 
detaUed hereafter, are precisely the opposite of what would 
be expected in the case of a nerve containing motor fila- 
ments and distributed to a muscular organ. Section of the 
pneumogastrics in the neck, far from arresting the action of 
the heart, increases the rapidity of its pulsations ; and gal- 
vanization of the nerves arrests the heart's action in diastole. 

Within the past few years, some very remarkable experi- 
ments have been made upon the influence of certain nerves 
given off near the superior laryngeals, which have been 
called the depressors of the circulation ; but most observa- 
tions have been made upon the trunks of the pneumogastrics 
in the cervical region, as it is exceedingly diflScult to isolate 
the thoracic cardiac branches and to operate upon them with- 
out involving other nervous filaments. In galvanizing the 
nerves in the neck, we have to consider both the direct 
influence of the current and the phenomena due to reflex 
action. 

Ejjects of Section of the Pneumogastrics upon the Cireur 
lation. — It is not necessary to cite in detail the various ex- 
periments upon the efl*ects of section of the pneumogastrics 
in the neck upon the action of the heart. The division of 
these nerves in living animals is sufllciently easy, and all 
who have performed the operation have noted the same re- 
sults. By section of these nerves, the heart is at once sepa- 
rated from one of the most important of its nervous connec- 
tions ; and the effects show that, as far as this organ is con- 
cerned, the motor filaments present great differences from 

116 
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the ordinary motor nerves of tlie cerebro-spinal system. 
Most of the observations made by dividing the nerves have 
been upon dogs, and the difterenees in the effects upon other 
animals are slight and imimportant. The following are the 
important phenomena presented in typical experiments : 

Section of one of the pneumogastrics in the neck does 
not produce any very marked effect upon the action of the 
heart, after the slight distm*bance which usually follows the 
operation has passed away. The number of pulsations is 
slightly increased, and the cardiac pressure, as shown by a 
cardiometer fixed in the carotid artery, is slightly dimin- 
ished ; but this is insignificant compared with the effects of 
dividing both nerves. 

Section of both pneumogastrics usually produces imme- 
diate and serious disturbance in the respirations, which are 
momentarily accelerated. The animal usually becomes agi- 
tated and sufiers from want of air ; and, when it is desired 
especially to note the cardiac disturbance, it is often neces- 
sary to relieve the respiration by introducing a tube into the 
trachea. In full-grown dogs, however, the respirations soon 
become calm, but are diminished in frequency, and are un- 
usually profound. When the animal is in this condition, 
the beats of the heart are very much increased in frequency, 
at least doubled ; but they are inefficient and tremulous. 

An interesting point in this connection is the want of in- 
fluence of certain medicinal substances over the action of the 
heart in animals after division of the pneumogastrics. Traube 
has shown that, w^hile digitalis injected into the veins of a 
dog was capable in an hour of reducing the pulse to about 
one-fourth of the normal number of beats per minute, there 
was no appreciable effect upon the circulation when the 
injection was made in animals with both pneumogastrics 
divided.' 

The influence of the pneumogastrics upon the heart is 

* Traube, Veraitche uberdie Wirhmg dcr Digitalis, — OesammeUeBtitragezwr 
Paihologie und Physiologie, Berlin, 1871, Bd. i., S. 190, d aeq. 
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one of the most interesting points in the physiology of the 
circnlation ; but we can discuss the mechanism of the phe- 
nomena following section of the nerves more satisfactorily 
after we have considered the effects of their galvanization. 

Effects of Galvanizing the Pneumoga^trics or their 
Branches ujpon the Circulation. — The experiments upon the 
effects of galvanization of the pneumogastrics in the neck 
on the action of the heart are almost innumerable ; and, al- 
though the explanations of the phenomena observed present 
the widest differences, the facts themselves are sufficiently 
simple. These facts will be discussed under the following 
heads : 1. The direct influence of galvanization of the nerves 
in the neck, undivided, or of galvanization of the peripheral 
extremities of the trunks after division. 2. Eeflex phenom- 
ena following galvanization of the central ends of branches 
of the pneumogastrics, after their division. 

Direct Influence of the Pneumogast/rics on the Heart. — 
In 1846, the brothers Weber noted the important fact that 
galvanization of the pneumogastrics in the neck rendered 
the action of the heart slow, and if the galvanization were 
sufficiently powerful, arrested the heart, which remained 
flaccid and in diastole for a certain time while the galvaniza- 
tion was continued.* This fact has since been confirmed by 
numerous experimenters, whose observations, however, will 
not be cited in detail, except as they have developed new 
and important phenomena. 

While there is no difference of opinion among physiolo- 
gists with regard to the stoppage of the heart by power- 
ful galvanization, it is stated by some that a veiy feeble 
current passed through the peripheral ends of the divided 
nerves quickens the heart's action ; but it is admitted by all 
that it is very difficult to regulate the intensity of the cur- 

> Websb, in Wagner, Handworterhuch der Phyfiologie, Braunschweig, 1846, 
Bd. iiL, Zweite Abtheilung, S. 42, et seg. 
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rent so as to produce this effect. After section of the nerves, 
the action of the heart is very readily modified by struggles, 
etc., on the part of the animal under observation ; and, in 
view of the exceeding nicety of the reported experiments, 
it cannot be admitted that the heart is capable of being ex- 
cited to increased rapidity of action, without observations 
of the most positive character. Such facts are wanting; 
and furthermore, it has been shown by Dr. Rutherford, in a 
series of exceedingly exact and satisfactory experiments, that 
whenever a galvanic current passed through the pneumo- 
gastrics has any appreciable efiect upon the action of the heart, 
it is to diminish the frequency of its pulsations.* Inasmuch 
as our object is simply to show that, imitating the nervous 
force by galvanism, the action of the pneumogastrics is in- 
hibitory, we w^ill not discuss the effects of different currents, 
and other experiments, which have little relation to the 
natural action of the nerves, and possess slight interest from 
a purely physiological point of view. 

The direct action of the pneumogastrics upon the heart 
is undoubtedly through their motor filaments. All the fiicts 
developed by experiments are in accordance with this view. 
If the nerves be divided in the neck, galvanization of the 
central ends has no effect upon the heart, the pulsations 
being arrested only when the peripheral ends are stimulated. 
This shows that, at least as far as the fibres passing down 
the neck are concerned, the action is centrifugal and di- 
rect, not reflex. Another curious fact illustrates the same 
point very forcibly. It is well known that the woorara- 
poison completely paralyzes the motor nerves, leaving the 
muscular irritability and the sensory nerves intact. It has 
been found that, in animals poisoned with woorara, the action 
:)f the heart being maintained by artificial respiration, gal- 
vanization of both pneumogastrics has no effect upon its 

* Rutherford, Infiumct of the Vagus upon the Vcuettlar System. — Journal 
of Anatomy and Physiotogy^ Cambridge and London, 1869, vol ill, p. 404, 
daeq. 
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pulsations/ This fact we have repeatedly verified in public 
demonstrations.* Still another curious fact remains bearing 
on the question under consideration. K powerful galvani- 
zation, which immediately arrests the cardiac pulsations, be 
continued for a certain time, so that the motor filaments 
become temporarily exhausted and lose their irritability, the 
heart resumes its contractions, notwithstanding that the 
galvanization is continued ; the nerves being for the time 
incapable of transmitting the inhibitory influence.' 

The source of the motor filaments in the pneumogastrics 
which exert a direct inhibitory action upon the heart be- 
comes an important point to determine. In the original 
experiments by the brothers Weber, it was shown that, when 
the galvanic stimulus was applied to that portion of the 
centres from which the nerves take their origin, the action 
of the heart was arrested in the same way as when the nerves 
themselves are galvanized ; * and it has been shown by sub- 
sequent observations, tliat when the heart is thus arrested 
by galvanization of the medulla oblongata, if both pneumo- 
gastrics be divided in the neck, its action is resumed.* This 
would at first sight lead to the supposition that the inhibi- 
tory filaments are derived from the roots themselves of the 

1 Beenard, Zepons but lea effeis dea tubatancea toxiquea et medicamenteusea^ 
Paris, 1867, p. 848. • 

' In the inferior classes of animals, there are some exceptional phenomena 
with regard to the pneumogastrics. In experiments made upon alligators, in 
Xew Orleans, in 1861, we found that the action of the heart was promptly ar- 
rested by galvanizing the nerves in the neck, when the animal was killed and 
the general motor nerves were paralyzed by woorara. In some additional ex- 
perintents, we showed that all of the nerves were not affected by the poison after 
the same length of time, and that the pneumogastrics were probably the last to 
come under its influence. (See vol !., Circulation, 1866, p. 234.) Bernard states, 
also, that galvanization of the nerves in birds does not affect the heart, a fact 
for which he offers no explanation. (Bernard, Syathne nerveux^ Paris, 1868, 
tome ii., p. 894.) 

* LoNOET, TraiU de phyaiobgiey Paris, 1869, tome li., p. 117. 

* Weber, in Wagner, Eandwdrterbuch der Phyaiologie^ Braunschweig, 1846, 
Bd. iil, Zweite Abtheilung, S. 42. 

* LoNGET, Train de phyaiologie, Paris, 1869, tome ii., p. 117. 
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pneumogastrics ; but it has been conelusiv'ely demonstrated 
that they are really derived from the spinal accessories, the 
upper filaments of origin of which are situated just below 
the roots of the pneumogastrics. 

The action of the spinal accessories upon the heait has 
already been considered.* The connection between these 
nerves and their influence over the heart may be briefly 
repeated, as follows : 

It has been shown that powerful galvanization of one 
pneumogastric will arrest the heart's action. "Waller, after 
extirpating the spinal accessory nerve upon one side, found 
that galvanization of the pneumogastric upon that side had 
no effect upon the heart, provided that from ten to twelve 
days had cLapsed after extirpation of the spinal accessory, 
a suflScient time to secure disorganization and loss of irrita- 
bility of its fibres. These experiments show conclusively 
that the motor filaments contained in the pneumogastric, 
which act directly upon the heart, are derived exclusively 
from the communicating branch of the spinal accessory. 

Reflex Influencey through the Pneumogastrics^ upon the 
Circulation. — Galvanization of the central ends of the pneu- 
mogastrics, after their division in the neck, does not influ- 
ence the action of the heart, except as the pulsations are 
affected by the modifications in respiration. In experiments 
made upon this point by Bernard, the difference in the ef- 
fects of galvanization of the central and the peripheral ends 
was distinctly noted. When the central ends were stimu- 
lated in dogs, the pupils became dilated, the eyes protruded, 
sometimes vomiting occurred, and always the number of 
respiratoiy acts was diminished, and, with a powerful cur- 
rent, were arrested in inspiration ; but the pulsations of the 
heart were not affected.' 

> See p. 204. 

' Bernard, Systhne nerveux^ Paris, 1868, tome ii, p. 382, et seq. 

The arrest of respiration, particularly the action of the diaphragm, was first 
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DepreBBor'-Nerve. — An important reflex action operating 
npon the circulation through branches of tlie pneumogastrics 
has lately been described by Cyon and Ludwig, in a memoir 
which received the prize for Experimental Physiology from 
the French Academy of Sciences, in 1867.* The experi- 
ments on which this memoir is based are exceedingly clear 
and satisfactory, and afford, perhaps, the only positive expla- 
nation we have of reflex action upon the heart. The sub- 
stance of these observations is briefly as follows : ' 

In the rabbit is a nerve arising by two roots, one coming 
from the trunk of the pneumognstric and the other from its 
superior laryngeal branch, passing then toward the carotid 
artery and taking its course down the neck by the side of 
the sympathetic as far as the thorax. In the chest, it joins 
with sympathetic filaments to pass with them to the heart, 
by little branches between the origin of the aorta and the 
pulmonary artery. 

This nerve can be completely isolated in the neck from 
the sympathetic and the trunk of the pneumogastric. K it 
be divided in this situation, after the irritation produced 
by the operation has subsided, very distinct and important 
modifications in the circulation may be produced by its gal- 
vanization. 

In the first place, it was noted in all the experiments, 
that galvanization of the peripheral extremities produced no 
change, cither in the number of the pulsations of the heart 
or in the pressure of blood in the vascular system ; which 

noted by Traube. (Traubk, Zut Physiologie des Nervus vagw. — Ocsammdte 
BeUrdge, Berlin, 1871, Bd. i., S. 184.) 

' Bernard, Rapport mr tin memoire de M. E. Cyon, intitule : de V action re- 
Jtexe d^un des ner/s sermbfes du caur. — Jouimal de Vanatomie^ Paris, 1868, tome 
v., p. 831 

* Cyon kt Ludwio, Action riflexe d^un des nerfs sensibles du cceur aur Iw 
nerfs vaso-moieurg. — Journal de Vanaiomie^ Paris, 1867, tome iv., p. 472, et aeg. 

Cyon ha8 lately found in the horse, nerves, in their anatomical and physio- 
logical relations, closely resembling the "depressor-nerves" which he first de- 
scribed in the rabbit {British and Foreign Medico- Chirurgical Review^ London, 
1871, No. xcvi., p. 540). 
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points to the fact that its action is not direct, but reflex, and 
is due to an impression conveyed to the nerve-centres. 

If the central ends of the nerves be galvanized, the press- 
ure in the arteries diminishes little by little, until it may be 
reduced to one-half or two-thirds of the pressure before the 
ii'ritation was applied. This low pressure continues so long 
as the interrupted current is applied ; but when the galvani- 
zation is arrested, it gradually returns to the normal stand- 
ard. These phenomena are observed in all the large arterial 
trunks. The length of time required to produce the -great- 
est diminution in the pressure is somewhat variable, but the 
experimenters have never seen it reach its minimum before 
fifteen pulsations of the heart. 

" The diminution in the pressure is attended with a re- 
duction of the pulse in the instances in which the depressor- 
nerve only has been divided. The irritated nerve is isolated 
in a manner so complete that we cannot fear the passage of 
the exciting curi'ent in the trunk of the pneumogastric. The 
changes in the number of pulsations persist even when the 
pneumogastric has been excited by the side where the irri- 
tation has been applied, from the point where the superior 
laryngeal is given off to the point where the pneumogas- 
tric enters the thoracic cavity, 

" From the foregoing it is evident that the changes tak- 
ing place in the number of pulsations are due to excitation 
of the depressor-nerve. If we study attentively the progress 
of the cardiac pulsations during the excitation, we observe 
always that the most considerable reduction takes place at 
the beginning of the experiment ; that is to say, at the 
moment when the blood-pressure descends from its normal 
standard to the lowest point. When the pressure is com- 
pletely depressed, the pulse is accelerated again and even 
reaches almost completely the numbers presented before the 
oscillations. "When the irritation ceases, after a shorter 
or longer period, the heart generally beats more rapidly 
than before the irritation, and this during all the time that 
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is occupied in the return of the pressure to the normal stand- 
ard. This observation in itself refutes the idea that the 
diminution in the pressure may depend upon the diminished 
number of pulsations. If the reduction in the rate of the 
pulse produced a diminished pressure, it should be increased 
when the pulsations of the heart become accelerated. 

" The manner in which the pulse is reduced leads to the 
supposition that it is due to a reflex action of the pneumo- 
gastric. 

. ^*'It was easy to verify this last opinion, and we have 
been able to confirm it by first cutting the pneumogastrics 
on both sides, and afterward irritating the central end of the 
depressor-nerve. In this case, the pressure fell to 0.62, 0.55, 
etc., while the number of pulsations remained the same, or 
at least oscillated very slightly above and below the number 
observed before the irritation." 

The above extract from the observations of Cyon shows 
two important points : 

First, galvanic stimulation of the central extremities of 
the divided depressor-nerves reduces the number of pulsa- 
tions of the heart by a reflex action ; the impression being 
conveyed to the nerve-centres by the depressor-nerves, the 
force acting directly upon the heart being transmitted through 
efferent filaments in the trunk of the pneumogastric. 

Second, the reduction in the pressure of blood in the 
larger arteries is independent of the efferent filaments of the 
pneumogastric, and bears no relation to the reduction in the 
number of cardiac pulsations. 

It now remains to explain, if possible, the mechanism of 
the reduction in the arterial pressure. This question is 
treated by Cyon by the method of exclusion. The diminu- 
tion in the pressure followed galvanization of the central ex- 
tremities of the depressor-nerves, even when the" heart was 
removed from its influence by section of both pneumogas- 
trics in the neck, and when all the voluntary movements 
and the movements of respiration were abolished by poison- 
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ing with woorara. In the latter case, the circulation was 
kept up by artificial respiration. 

Without following out the various observations which go 
to show that the influence of the depressor-nerve upon the 
arterial pressure is independent of the force or frequency of 
the heart's action, and is due to some cause which operates 
upon the vessels themselves, we will simply give the results 
of the experiments upon the splanchnic nerves. If the abdo- 
men be opened, and one or more of these nerves be divided, 
the arterial pressure is immediately diminished. After this, 
if the peripheral extremities of the divided nerves be galvan- 
ized, the pressure rapidly returns to the normal standard. 
These experiments " demonstrate that the splanchnic nerves 
constitute the most important vaso-motor nerves in the en- 
tire organism." 

This point being settled, the depressor-nerves were gal- 
vanized after section of the splanchnic nerves, in some cases 
exaggerating the general arterial pressure by compressing 
the aorta, and in others, leaving the aorta free. " The irrita- 
tion of the depressor-nerve after section of the splanchnic 
nerve produced still a diminution in the blood-pressure, but 
the absolute value of this diminution is much less than it was 
during the irritation of the depressor-nerve before the sec 
tion of the splanchnic." 

These experiments show pretty conclusively that the di- 
minished pressure in the arterial system following stimula- 
tion of the central ends of the depressor-nerves after division 
is due to a reflex action on the blood-vessels of the abdomi- 
nal organs, taking place through the splanchnic nerves. We 
are sufiiciently familiar with reflex paralyzing action upon 
the blood-vessels through the sympathetic system ; and when 
we call to mind the immense extent of the abdominal vascu- 
lar system, we can readily understand how, if the resistance 
to the flow of blood be diminished by paralysis of the mus- 
cular coats of the small arteries, the pressure in the larger 
arteries would be reduced. 
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Mechaniam of the Influence of the P^ieumogasti^ ujpon 
the Action of the Heart. — It is useless to speculate upon the 
exact mechanism of the action of the pneumogastrics upon 
the heart. Although various explanations have been pre- 
sented of the eflfects following division of the nerves in the 
neck, and of the opposite phenomena which attend the gal- 
vanization of their peripheral ends, they are all more or less 
imsatisfactory. All that can be said, in the present state of 
our knowledge, is, that the pneumogastrics have a direct in- 
hibitory influence on the heart. When they are divided, 
and the heart is removed from their influence, the pulsations 
become more rapid. When the peripheral ends of the di- 
vided nerves are galvanized, the heart beats more slowly, or 
its action may be arrested by a current of suflScient power. 
This action may also be reflex, due to an impression con- 
veyed to the centres by what have been described by the 
brothers Cyon and Ludwig, as the depressor-nerves. 



Properties and Functions of the Pulmonary Branches^ 
and Influence of the Pneumogastncs upon Bespiraiion. 
— The trachea, bronchi, and the pulmonary structure are 
supplied with motor and sensory filaments by branches of 
the pneumogastrics. The recurrent laryngeals supply the 
upper, and the pulmonary branches, the lower part of the 
trachea, the lungs themselves being supplied by the pulmo- 
nary branches alone. The sensibility of the mucous mem- 
brane of the trachea and bronchi is due to the pneumogas- 
trics, for these parts are insensible to irritation when the 
nerves have been divided in the neck. Longet has shown 
that, while an animal coughed and showed signs of pain 
when the mucous membrane of the respiratory passages was 
irritated, after division of the pneumogastrics there was no 
evidence of sensibility, even when the tracheal mucous mem- 
brane was treated with strong acid, or even cauterized. lie 
also saw the muscular fibres of the small bronchial tubes 
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contract when a galvanic stimulus was applied to the branches 
of the pneumogastrics/ 

The main interest, in this connection, is attached to the 
puhnonary branches and their relations to the respiratory 
acts. These are undoubtedly connected with important re- 
flex phenomena, acting as centripetal nerves ; and their di- 
rect action in respiration is probably much less important. 
They are exposed and operated upon in living animals with 
so much difficulty, that we know little of the direct effects 
of their irritation, and must judge of their general properties 
chiefly by experiments showing their action upon respira- 
tion. We shall have to study, in connection with the func- 
tions of these nerves, the effects of their division upon the 
lungs and the respiratory acts, and the phenomena, referable 
to the respiratory organs, which follow their galvanization. 
We shall also consider certain theoretical views with regard 
to their action in the automatic processes of respiration, and 
with the sense of want of air (iesoin de respirer\ which gives 
rise to the reflex respiratory acts. 

Effects of Division of the Pneumogastrics upon Respiror 
tion, — Section of both pneumogastrics in the neck, in mam- 
mals and birds, is usually followed by death, in from two to 
five days. In young animals, death may occur almost in- 
stantly, from paralysis of the respiratory movements of the 
glottis, a fact which we have ^ready noted in connection 
with the recurrent laryngeal nerves.* In this connection, we 
may note an interesting fact observed by Prof. J. C. Dalton, 
of Xew York, who has succeeded in keeping dogs alive after 
division of both pneumogastrics in the neck until complete 
recovery took place. In several instances of this kind, after 
killing the animals. Prof. Dalton found complete reunion of 
the divided ends.' 

Very little of importance, with regard to the functions of 

* LoNOET, Traiie de phynologie^ Paris, 1869, tome iiL, p. 535. 

* See page 222. < Oral communication. 
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the pneuinogastrics in connection with respiration, has been 
ascertained by the numerous experiments on record of sec- 
tion of one or both of these nerves in the cervical region. 
It has been found by all experimenters, that animals survived, 
and presented no veiy distinct abnormal phenomena, after 
section of one nerve. Longet states that animals operated 
upon in this way present hoarseness of the voice and a slight 
increase in the number of respiratory acts. Some observers 
have found the corresponding lung partly emphysematous 
and partly engorged with blood, and others have not noted 
any change in the pulmonaiy structure.* 

When both nerves are divided in full-grown dogs, an ex- 
periment which we have often repeated, the effect upon the 
respiratory movements is very marked. For a few seconds, 
the number of respiratory acts may be increased ; but as 
soon as the animal becomes tranquil, the number is very 
much diminished, and the movements change their charac- 
ter. The inspiratory acts become unusually profound, and 
are attended with excessive dilatation of the thorax. The 
animal is generally quiet and indisposed to move. We have 
seen, under these conditions, the number of respirations fall 
from sixteen or eighteen to four per minute. 

In most animals that die from section of both pneumo- 
gastrics, the lungs are found engorged with blood, and, as it 
were, camified, so that they sink in water. This curious 
fact was noted by Legallois ;' and although its physiological 
significance is not apparent, it has been the subject of much 
speculation and experimental research. Many attempts have 
been made to account for this peculiar condition. Traube 
supposed that it was due to the penetration of secretions 
into the respiratory passages ; ' but this was disproved by 

* Longet, AnatomU d physiologie du systhrie nervcxtXy Paris, 1842, tome it, 
p. 849, d teq, 

Magendie, PhSnomhies physiqttes de la vie^ Paris, 1842, tome i., p. 204. 

• LiGALLOis, (Euvres, Paris, 1824, tome i., p. 194. 

' Traube, Die Unachen und die BeachaffejiheU derjffdgen Verdmderungm^ 
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Bernard, wlio has presented by far the most satisfactory 
explanation of this condition. 

Bernard found that the puhnonary lesion did not exist 
in birds, although section of both nerves was fatal. It had 
previously been ascertained that, in some animals, death 
takes place with no alteration of the lungs.* When the en- 
trance of the secretions into the air-passages was prevented 
by the introduction of a canula into the trachea, the cami- 
fication of the lungs was nevertheless observed. "Without 
detailing all of the experiments upon which the explanation 
offered by Bernard is based, it is sufficient to state that he 
observed a traumatic emphysema as a consequence of the 
excessively labored and profound inspirations. Indeed, this 
can be actually seen when the pleura is exposed in li\ing 
animals. As a result of this distention of the air-cells, the 
pulmonary capillaries are ruptured in different parts, the 
blood becomes coagulated, and the lungs are finally cami- 
fied. This cannot occur in birds, because the lungs are fixed, 
and their relations are such that they are not exposed to ex- 
cessive distention in inspiration. * 

There is no satisfactory explanation of the remarkable 
changes in the respiratory movements that follow section of 
the pneumogastrics. 

Sense of Want of Air. — The pneumogastrics may regu- 
late the respiratory acts, but they are not the medium 
through which the sense of want of air (beaoin de respirer)^ 
which gives rise to the reflex movements of respiration, is 
conveyed to the nerve-centres. If it be true, as it undoubt- 
edly is, that section of both pneumogastrics in the neck 
modifies the number and the character of the respirations, 
and that, after division of the nerves, galvanization of their 
central ends arrests respiration, it is more than probable 

wdche da* Lungenparenchym nach Durchschneidung der Ner. vagi erUtdit—^ 
OeBommeUe Beiirdge xur PcUhologie und Phi/»iologie, Berlin, 1871, Bd. i., S. 80. 

* Bernard, SyUhne nerveux, Paris, 1858, tome ii., p. 363. 

* Bernard, op, a/., p. 868. 



Digitized by 



GoogI( 



PULMONABY NEBVES. 237 

that this function is normally influenced through these nei^es, 
by impressions conveyed to the centres ; but precisely what 
this influence is, or what is the mechanism of its action, we 
do not know. 

The positive statement that the sense of want of air is 
not conveyed to the nerve-centres through the pneumogas- 
trics is based, to a great extent, upon our own experiments, 
which have been fully detailed in another volume,* and we 
will here give simply their results and the conclusions to 
which they lead. 

The acts of respiration are involuntary, though they may 
be modified, within certain limits, through the will ; and 
they are reflex, due to an impression conveyed to the re- 
spiratory nervous centre, the medulla oblongata, which gives 
rise to the stimulus that excites the action of the inspira- 
tory muscles. It has been conclusively shown by experi- 
ments, the first being those of Robert Hook,^ that if artifi- 
cial respiration be eflSciently carried on in a living animal, 
so as to supply air fully to the system, the sense of want of 
air is not appreciated, and the animal makes no effort to 
breathe; but if respiration be imperfectly performed, the 
animal almost immediately feels the want of air, and, in our 
experiments, the exposed respiratory muscles were thro^vn 
into violent but ineffectual contraction. 

The principal points with reference to the location of the 
sense of want of air and its transmission to the nerve-centres, 
developed by our own experiments, are the following : 

A dog was etherized, the chest was opened, exposing the 
heart and lungs, and artificial respiration was carried on by 
means of a bellows secured in the trachea. So long as the 
supply of air was sufficient, the animal made no etfort to 
breathe, even when allowed to come from under the influ- 
ence of the anaesthetic. 

* See vol i., Respiration, p. 479, d scq, 

• An Account of an Experimeni made by Mr. Hook, of Preserving Animals 
alive by Blowing through their Lungs with BeUows. — Philosophical Transaotiomf 
London, 1667, toL ii., p. 689. 
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An artery was then exposed and the color of the blood 
noted. When the artificial respiration was arrested, the 
animal made eflForts to breathe as soon as the blood became 
dark in the arterial system. We concluded from this, that 
the impression conveyed to the respiratory nervous centre, 
giving rise to the movements of respiration, was due to the 
action of the non-oxygenated blood. 

To ascertain whether the impression were made upon 
the nerves distributed to the lungs or upon other nerves, 
a large vessel was divided and the system was drained of 
blood, the lungs being continually supplied with fresh air. 
In this case, respiratory efforts of the most* violent character 
were invariably noted following the hcemorrhage. This por- 
tion of the experiment demonstrated that the sense of want 
of air was not dependent upon the accumulation of carbonic 
acid in the lungs, but was due to a deficient supply of the 
oxygen-carrying fluid to the general system. It further 
demonstrated that the impression in the general system was 
not due to the presence of carbonic acid, but to the absence 
of oxygen ; for no blood containing carbonic acid circulated 
in the system. 

These phenomena were observed without any modifica- 
tion, after division of both pneumogastric nerves in the neck, 
and they seem to prove conclusively that the sense of want 
of air is not transmitted to the respiratory nervous centre 
through the medium of these nerves.* 

Efects of Galvanization of the Pneuinogastrics' 'upon 
Respiration. — The phenomena which follow galvanization 
of the pneumogastrics, though they are curious and inter- 
esting, do not throw much light upon the relations of these 

^ For a full account of these experiments, with their bearing upon certain 
respiratory phenomena before birth, the reader is referred to the original article, 
entitled, BxperimenicU Researches on Points connected with the Action of the Hecni 
and with Reiipiration^ published in the American Journal of the Medical Sciences^ 
Philadelphia, October, 1861. Since this publication, the experiments have been 
frequently repeated in public demonstrations, and the conclusions verified. 
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nerves to respiration. We have already mentioned the ar- 
rest of the respiratory movements by galvanization of the 
superior laryngeal branches and of the central ends of the 
nerves after their division in the neck.* The main point 
of interest in this connection is the fact that the eifects 
observed are entirely reflex, galvanization of the peripheral 
ends of the divided nerves having no direct action on the 
movements of the thorax. 

In view of the very indefinite physiological .applications 
of the experiments made by galvanizing the nerves, we will 
not give in detail the numerous observations upon this sub- 
ject, but simply state the results, as given in a recent and 
very elaborate work on respiration, by M. Bert : ' 

" 1. Eespiration may be arrested by excitation of the 
pneumogastrics (Traube), of the larynx (CI. Bernard), of 
the nostrils (M. Schiff ), of most of the sensory nerves (M. 
Schifl*, an assertion that I have not been able to verify). 

" 2. This arrest may take place either in inspiration or in 
expiration, through any one of these nerves, without attrib- 
uting it to the action of derived currents. 

"3. A feeble excitation accelerates the respiration; a 
more powerful excitation retards it ; a very powerful excita- 
tion arrests it. These words ^ feeble ' and ' powerful ' hav- 
ing, it is understood, only a relative sense for any one animal 
and under certain conditions : what is feeble for one would 
be powcrftil for another, etc. 

" I believe, in opposition to the opinion of Eosenthal, 
that section of the pneumogastrics does not increase the 
difiiculty of arresting respiration ; at least, death by ex- 
citation occurs much more easily in this case. 

"4. When the respiratory movements are completely 
arrested, it is always the same for the general movements 
of the animal, which remains motionless. 

> See page 219. 

• Bkrt, Lef07is mr la phytiologie ccmparie de la respiration^ PiiriB, 1870, p. 
489, el uq, 

116 
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"5. Eespiration returns even during excitation, and 
when tliis is arrested, it almost always becomes accelerated. 

"6. Arrest in expiration is more easily obtained than 
arrest in inspiration ; there are animals, indeed, in which it 
is impossible to effect the latter. 

" 7. K an excitation be employed suflSciently powerful 
to arrest respiration in inspiration, all respiratory move- 
ments may be made to cease at the very moment when the 
excitation is applied (inspiration, half-inspiration, expira- 
tion), either by operating on the pneumogastric, or oper- 
ating upon the laryngeal. . . . 

" Any feeble excitation of centripetal nerves increases 
the number of the respiratory movements; any powerful 
excitation diminishes them. A powerful excitation of the 
pneumogastrics, of the superior laryngeal, of the nasal 
branch of the infra-orbital, may arrest them completely; 
if the excitation be suflSciently energetic, the arrest takes 
place at the very moment it is applied. Finally, sudden 
death of the animal may follow a too powerful impression, 
thus transmitted to the respiratory centre : all this being 
true for certain mammalia, birds, and reptiles." 

The above formulated statements express the experimen- 
tal facts at present known with regard to the influence 
of the pneumogastrics upon respiration. The pulmonary 
branches themselves are so deeply situated that they have 
not as yet been made the subject of direct expeiiment, with 
any positive and satisfactory results. A theory has recently 
been proposed in which it has been assumed that there are 
two kinds of nerves in the pulmonary branches of the pneu- 
mogastrics, one set being excited by inflation of the lungs, 
which excitation gives rise to expiration, the other set being 
stimulated by collapse of the lungs, which excites inspira- 
tion ; but the experiments upon which this idea is based are 
vague and unsatisfactory.* 

* Herino, Die 8elb%(»ieiiruvg der Atiimung durch den Nervus vaffus, — SiixunffB^ 
berichte der matliematisch-nainrwisBenscha/ilicfien CUuse der k, Akadeniieder Wi** 
'^eMchafUn, Wien, 1868, Bd. Ivii., 2 Abtheilung, a 6Y2, H aeq. 
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Properties and Functions of the (EBophageal Nerves. — 
The muscular walls and the mucous membrane of the oesoph- 
agus are supplied entirely by branches from the pneumogas- 
trics. The upper portion is supplied by filaments from the 
inferior laryngeal branches, the middle portion, by filaments 
from the posterior pulmonary branches, and the inferior 
portion receives the oesophageal branches. These branches 
are both sensory and motor ; but probably the motor fila- 
ments largely predominate, for the mucous membrane, 
though it is sensible to the extremes of heat and cold, the 
feeling of distention, and a burning sensation upon the 
application of strong irritants, is by no means acutely sen- 
sitive. 

That the movements of the oesophagus are animated by 
branches from the pneumogastrics, has been clearly shown 
by experiments. In the first place, except in animals in 
which the anatomical distribution of the nerves is differ- 
ent from the arrangement in the human subject, the entire 
oesophagus is paralyzed by dividing the nerves in the neck. 
In a series of very elaborate experiments, by Chauveau, it 
was shown that section of the nerves in the cervical region 
paralyzed the entire length of the oesophagus in rabbits, but, 
owing to a peculiar distribution of the nerves in dogs, the 
section paralyzed only the tenninal portion.* 

According to Bouchardat and Sandras,* Longet, and oth- 
ers, when the pneumogastrics are divided in the cervical 
region, in dogs, if the animals attempt to swallow a consid- 
erable quantity of food, the upper part of the oesophagus is 
found enormously distended.' Bernard noted, in a dog in 
which a gastric fistula had been established, that articles of 
food given to the animal did not pass into the stomach, 

' Chauteau, Du nerf pneumogastrique cormdere comme agent excitaieur et 
(omnu age^ coordinateur des contractiont ouophagiennes. — Journal de la phgsio- 
hgU, Paris, 1862, tome v., p. 842. 

• Bouchardat et Sandras, Experiences sur k» fondiont des nerfa pneumo- 
gaslriqitea dans la digestion. — Compies renduSy Paris, 1847, tome xxiv., p. 59. 

• Longet, Traite de physwlogie^ Paris, 1869, tome iii., p. 647. 
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though he made great efforts to swallow. An instant after 
the attempt, the matters were vomited, mixed with mucus, 
but of course did not come from the stomach/ 

Direct experiments upon the roots of the pneumogastrics 
have shown that these nerves influence the movements of 
the oesophagus, and that their motor filaments are not de- 
rived from the spinal accessory. Chauveau states, as the 
result of numerous observations, that " the oesophagus con- 
tracts throughout its entire length when the roots of the 
pneumogastrics are excited ; — ^it never contracts when the 
bulbar roots of the spinal accessory are excited.' 

PropeHiea a/nd ^Functions of the Abdominal Branches. 
— In view of the very extensive distribution of the terminal 
branches of the pneumogastrics to the abdominal organs, it 
is evident that the functions of these nerves, must be very 
important, particularly since it has been shown that the 
right nerve is distributed to the whole of the small intes- 
tine. We shall consider the functions of these branches in 
their relations to the liver, the stomach, and the intestines. 
We have no positive information with regard to their action 
upon the spleen, kidneys, and suprarenal capsules. 

Influence of the Pneumogastrics upon the Liver. — There 
is very little known with regard to the influence of the pneu- 
mogastrics upon the secretion of bile. The only positive 
statements to be found on this subject are those of Longet.' 
This physiologist has repeatedly remarked, after section of 
the pneumogastrics, that the bile diminishes in density and 
contains less coloring matter than under normal conditions. 
This he attributes to disturbances in the hepatic circulation, 
by which a serous fluid is exuded and mixes with the bile. 

' Bernard, Sifsikme nerveux^ Paris, 1868, tome ii., p. 422. 
• Chauveau, Du nerf pneumogaslrique, etc. — Journal de la phytidogk^ Paris, 
1862, tome v., p. 205. 

' Longet, Traite de physiologiey Paris, 1869, tome ill, p. 652. 



Digitized by 



GoogI( 



ABDOMINAL NCBYES. 243 

The disturbances in the circulation are somewhat similar to 
those occasionally observed in the lungs. The vessels are 
strongly injected, and sometimes contain clots of blood. 
The hepatic tissue is more fiiable than usual, and presents a 
greenish-black color. 

The most important experiments upon the innervation 
of the liver are those of Bernard, and relate to its glycogenic 
function. We shall have little to say on this subject, how- 
ever, in addition to what we have already stated in treating 
of the liver as a sugar-producing organ.* The view which 
we have advanced with regard to the glycogenic function is 
that the liver is constantly producing sugar during life, 
which is completely washed out by the blood in its passage 
through this organ, which itself contains little or no sugar, 
under normal conditions. With this view, we are to look 
for sugar in the blood, in certain situations, and not in the 
liver itself; though after death, a change of the glycogenic 
matter in the liver into sugar takes place with great rapidity, 
and sugar may then be found in its tissue. Normally, sugar 
disappears in the lungs, and is not found in the blood of the 
arterial system. The presence of sugar in the urine is ab- 
normal. 

Bernard found that if both pneumogastrics be divided in 
the neck, and the animal be killed at a period varying from 
a few hours to one or two days after, the liver contains no 
sugar, under the conditions in which he generally found it ; 
t. e.j a certain time after death. From experiments of this 
kind, he concludes that the glycogenic function is suspended 
when the nerves are divided.' The experiments, however, 
made by irritating the pneumogastrics, are more satisfactory, 
as in these he looked for sugar in the blood and in the urine, 
and did not confine his examinations to the substance of 
the liver. 

After division of the pneumoga&trics in the neck, if the 

* * See voL iil, Secretion, p. 824, et seq. 

' Bernard, Zefona de physiologie experimentale^ Paris, 1865, p. 824. 
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peripheral ends be galvanized, there is no effect upon the 
liver ; but if galvanization be applied to the central ends, 
the glycogenic function becomes exaggerated, and sugar 
makes its appearance in the blood and in the urine. Bernard 
has made a number of experiments illustrating this point, 
upon dogs and rabbits. The galvanic current employed was 
generally feeble, and was continued for from five to ten 
minutes, two or three times in an hoiu*; in some iustances, 
the irritation was kept up for thirty minutes.' From these 
experiments, itis assumed that the physiological production 
of sugar by the liver is reflex, and is due to an impression 
conveyed to the nerve-centres through the pneumogastrics. 
A very interesting and adroit experiment by the same ob- 
server shows that section of the pneumogastrics between the 
lungs and the liver does not affect the production of sugar. 
This delicate operation is performed by making a valvular 
opening in the chest, preventing the ingress of air by sud- 
denly forcing the finger into the wound, and then introdu- 
cing a long, delicate hook with a cutting edge, and dividing 
the nerves, which may be reached by the finger in small 
dogs, and feel like tense cords by the side of the cesophagus. 
We have already noted, in another volume,' the feet ob- 
served by Bernard and by Pavy, that the inhalation of irri- 
tating vapors and of ancesthetics produces a hypersecretion 
of sugar. 

The remarkable effects of irritating the floor of the fourth 
ventricle, by which we can produce temporary diabetes, have 
been considered fully in connection with the glycogenic 
function of the liver. This effect is not due to a direct trans- 
mission of the irritation to the liver through the pneumo- 
gastrics, for the phenomena of hypersecretion are observed 
m animals upon which this operation has been performed 
after section of both pneumogastrics in the neck. It is prob- 

1 Bernard, Le^om de phfBidogie exphnmefitale^ Paris, 1856, p. 325 ; and. 
iSytteme nerveux, Paris, 1868, p. 487, et $eq, 
• See vol. lil, Secretion, p. 827. 
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able, indeed, that the impreBsion is conveyed to the liver 
throngh the sympathetic system, for it has been shown by 
Schiff and Longet, that animals do not become diabetic after 
irritation of the floor of the fourth ventricle, when the 
branches of the sympathetic going to the solar plexus have 
been divided/ The operation, however, of dividing the 
sympathetic nerves in this situation is so serious, that it may 
interfere with the experiment in some other way than by 
the direct influence of the nerves upon the liver. 

Influence of the Pneumogastrics upon the Stomach and 
Intestines. — The number of observations that have been 
made upon the influence of the pneumogastric nerves on 
digestion in the stomach is immense, and many of the earlier 
experiments were quite contradictory. We do not propose, 
however, to treat of this subject from a purely historical 
point of view, for the reason that, before 1842 and 1843, 
when gastric fistulse were first established in living animals, 
by Bassow and Blondlot, little was known of the normal 
movements of the stomach and of the mechanism of the 
secretion of the gastric juice ; and farther, before the obser- 
vations of Bouchardat and Sandras, in 1847, the eflfects' of 
section of the nerves in the neck upon the action of the 
CBsophagus in deglutition were not understood. If we study 
the literature of the subject anterior to 1842, we find a great 
deal of confusion, due to the facts just stated. Longet, in his 
work on the nervous system, published in 1842, gives an 
excellent account of the various experiments up to that date. 
He cites a great number of authors, Bichat, Tiedemann and 
Gmelin, Bischofl^, Schultz, Breschet and Milne Edwards, 
Magendie, Miiller, Mayo, and many others, to whom we will 
not refer in detail.' Leaving out of the question, then, most 
of the earlier experiments, we shall treat of the influence of 

* Longet, TraiU de phyfiologie^ Paris, 1869, tome iii., p. 663. 

* Longet, Anatomie et physioloffie du tysteme nerveuZy Paris, 1842, tome iL, 
p. 820, ei seq. 
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the pneumogastrics upon the stomach and intestines, under 
the following heads : 

1. The effects of galvanization of the nerves. 

2. The effects of section of the nerves upon the move- 
ments of the stomach in digestion. 

3. The effects of section of the nerves upon the secre- 
tion of the gastric juice and the chemical processes of di- 
gestion. 

4. The influence of the nerves upon the small intestine. 

Effects of Galvanization. — Bichat, in the first edition of 
his great work on general anatomy, published in 1801, states 
distinctly that irritation of the pneumogastrics produces con- 
traction of the muscular coat of the stomach : " I remark 
nevertheless that irritation of one of the vagus nerves, or of 
both, immediately causes the stomach to contract, as occurs 
in a voluntary muscle the nerve of which is irritated. It is 
necessaiy, in performing this experiment, to open the abdo- 
men of the living animal, and then to irritate the eighth 
pair in the cervical region, in order to have under the eyes 
the organ that is made to contract.'' * This fact was con- 
firmed by Tiedemann and Gmelin,' and many others, but 
was denied by Miiller.' In more recent experiments, the 
effects of galvanization of the pneumogastrics upon the 
movements of the stomach are unquestionable. Longet 
shows that the stomach contracts as a consequence of irrita- 
tion of the nerves, not instantly, but after the lapse of five 
or six seconds. He explains some of the contradictor}^ re- 
sults obtained by other observers by the fact that these con- 
tractions are very marked during stomach-digestion, while 
they are wanting "when the stomach is entirely empty, 

^ Bichat, Anatomie generate^ appliquee d la physiologie d d la patliciogie^ 
Paris, 1801, sdconde partie, tome iii., p. S60. 

* Tiedemann et Gmelin, Recherche^ expkrimeniales^ physiologiques ei cktnUquea^ 
tur la digestion^ Paris, 182Y, premiere partie, p. 874. 

< HuLLER, Elemmta of Phydoiogy^ London, 1840, vol L, p. 690. 
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retracted on itself and in a measure in repose.'' According 
to the same author, irritation of the splanchnic iterves, while 
it produces movements of the intestines, does not affect the 
stomach. Judging from the tardy contraction of the stom- 
ach and the analogy between the action of the pneumo- 
gastrics upon this organ and the action of the sympathetic 
nerves upon the non-striated muscular tissue, Longet assumes 
that the motor action of the pncumogastrics is due, not to the 
proper filaments of these nerves, but to filaments derived from 
the sympathetic system. " This interpretation removes the 
singular physiological anomaly that an organ, the action 
of which is entirely removed frpm the control of the will, 
should depend upon a voluntary, or cerebro-spinal nerve." * 
This explanation of the contradictory results of experiments 
and of the mechanism of the action of the pncumogastrics 
upon the stomach seems entirely satisfactory, and may be 
accepted without reserve. 

Effects of Section of the Pneumogastrica upon the Move- 
mejits of the Stomach. — 1i the pneumogastrics bo divided in 
the neck in a dog in full digestion, in which a gastric fistula 
has been established so that the interior of the organ can be 
explored, the following phenomena are observed : 

In the first place, before division of the nerves, the mu- 
cous membrane of the stomach is turgid, its reaction is in- 
tensely acid, and, if the finger be introduced through the 
fistula, it will be firmly grasped by the contractions of the 
muscular walls. When the pneumogastrics are divided, un- 
der these conditions, the contractions of the muscular walls 
instantly cease, the mucous membrane becomes pale, the 
secretion of gastric juice is apparently arrested, and the sen- 
sibility of the organ is abolished.* Paralysis of the stomach, 
etc., had been noted,* long before the observations of Ber- 

' LoNOET, Traiik de phytiolo^U, Paris, 1869, tome UL, p. 546. 
• Bernard, Syslhm nerveux, Paris, 1858, tome il, p. 422. 
' TiKDEXANN ET Gmslin, Becherches tur la diffetHon^ Paris, 1827, preiddre 
ptrtie, p. 878. 
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nard ; but liis experiments on animals with a fistulous open- 
ing into the stomach are the most striking. 

Notwithstanding the apparent arrest of the movements 
of the stomach in digestion by section of the poeumogastrics, 
experiments carefully performed show that substances may 
be Yerj slowly passed to the pylorus, and that the move- 
ments, though they are immensely diminished in activity, 
are not entirely abolished. This fact has been established 
beyond question by the experiments of Schiff, who attributes 
the movements occurring after section of the nerves to local 
irritation of the intramuscular terminal nervous filaments.* 

Effects of Section of the Pneumogastrics njpon Digestion^ 
^^.^-Since the publication of the second volume of this work, 
in which we considered briefly the action of the pncumogas- 
trics in digestion, we have reviewed the literature of the sub- 
ject, as well as the publications that have appeared since 
that time, butwe find little, if any thing, to add to the state- 
ments already made.' The facts with regard to the effects 
of division of the nerves in the cervical region upon the se- 
cretion of gastric juice are briefly as follows : 

"When both nerves are divided, while an animal is in fall 
digestion, the mucous membrane becomes pale and flaccid, 
and the secretion of gastric juice is apparently arrested at 
once ; but if the animal survive the operation for a day or 
two, a small quantity of juice may be secreted as the result 
of local stimulation, and digestion of a very small quantity 
of food, finely divided and introduced into the stomach 
by a fistulous opening, may take place.' A serious diflBciilty 
in the digestion of large masses of food after division of the 
nerves is due to the cessation of the movements of the 
stomach. It is stated by Tiedemann and Gmelin, that di- 

' Schiff, Zcfons wr la phytiologie de la digestion^ Florence et Turin, 1867, 
tome ii., p. 389. 

* See vol. ii., Digestion, p. 283. 

* LoNGET, TraiU de phytiologie^ Paris, 1869, tome ill, p. 649. 
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gostion may be to a certain extent reestablished, under these 
conditions, by galvanizing the peripheral extremities of the 
divided nerves.* 

There is very little to be said with regard to the relations 
of the pneumogastrics to the sensations of hunger and thirst. 
It would be very natural to infer, from the distribution of 
these nerves to the mucous membrane of the stomach, that 
they should be involved in these sensations ; but in treating 
of this subject elaborately, in connection with alimentation, 
we have shown that hunger and thirst really have their ori- 
gin in the general system, though the sensations are referred 
subjectively to the stomach and fauces, and that, in aU prob- 
ability, the sensations persist after division of both pneumo- 
gastrics.* 

With regard to the influence of the pneumogastrics upon 
absorption from the stomach, we have also mentioned the 
fact, demonstrated by Longet, that the passage of poisons 
from the stomach into the blood-vessels may be retarded by 
section of the nerves, but is not prevented.* 

Physiologists have given but little attention to the influ- 
ence of the pneumogastrics upon the intestinal canal, for the 
reason that the distribution of the abdominal branches to 
the small intestine, notwithstanding the researches of KoU- 
mann, in 1860, does not appear to be generally recognized. 
The right, or posterior abdominal branch was formerly sup- 
posed to be lost in the semilunar ganglion and the solar 
plexus, after sending a few filaments to the stomach ; but since 
it has been shown that this nerve is supplied to the whole of 
the small intestine,* its physiology, in connection with intes- 
tinal secretion, has assumed considerable importance. 

In an admirable series of experiments, by Prof. Horatio 
C. "Wood, Jr., of Philadelphia, the importance of the abdomi- 

> TiEDEXANK FT GicELiK, jRecherches tur la digetUon^ Paris, 1827, premidre 
partie, p. 873. 

' See ToL it, Alimentation, p. 14. 

* See vol. il. Absorption, p. 468. ^ See p. 211. 
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nal brandies of the right nerve is fiillj illustrated/ These 
experiments show, in the most conclusive and satisfactory 
manner, that the pneumogastrics influence intestinal as well 
as gastric secretion. One of the most interesting and curi- 
ous points in connection with their function is, that after 
section of the nerves in the cervical region, the most power- 
ful cathartics, croton-oil, calomel, podophyllin, jalap, arsenic, 
etc., fail to produce purgation, even in doses sufficient to 
cause death. The articles used were either given by the 
mouth, just before dividing the nerves, or were injected un- 
der the skin. 

Though the observations of Dr. Wood are not entirely 
new, they are by far the most extended and satisfactory, and 
were made with a knowledge of the fact of the distribution of 
the nerves to the small intestine. Dr. Wood quotes freely from 
the experiments made by Sir Benjamin Brodie' and by Dr. 
John Eeid.* Brodie failed to produce purging in dogs when 
both pneumogastrics had been divided in the neck after the 
administration of arsenic by the mouth and injecting it un- 
der the skin. Dr. Eeid made five experiments, and in all 
but one, it is stated that diarrhcea existed after division of 
the nerves. In twenty experiments by Dr. Wood, there 
was no purgation after division of the nerves, in one therp 
was free purgation, and in one there was "some slight muco- 
fecal discharge." From these. Dr. Wood concludes, that 
while section of the cervical pneumogastrics, in the great 
majority of instances, arrests gastro-intestinal secretion and 
prevents the action of purgatives upon the intestinal canal, 

* Wood, On the Influence of Section of the Cervical Pueumopastrics upon the 
Action of Emetic9 and CaihariicB. — American Journal of the Medical Scieneety 
Philadelphia, 1870, New Series, vol Ix., p. 76, ei acq. 

* Brodie, Mcperiments and Observations on the Influence of the Nerven of the 
Eighth Pair on Vie Secretions of ilie Stomach. — Philosophical Transactions^ Lon- 
don, 1814, vol xiv., p. 104. 

* Reid, Experimental InvestiffcUion into the Functions of the Eighth Pair of 
Nerves. — Physiological^ Anatcmieal^ and Paihologieal Researches, London, 1848, 
p. 245, el seq. 
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a few exceptional eases occur in which these eifects are not 
observed. 

The focts just mentioned are exceedingly interesting in 
connection with the experiments of Traube upon the action 
of digitalis after section of the pneumogastrics. It will bo 
remembered that, in these experiments, digitalis failed to 
diminish the number of beats of the heai-t when the nerves 
had been divided in the neck, showing that the separation 
of the heart from its connections with the cerebro-spinal 
system removed the organ from the peculiar and character- 
istic eifects of the poison.* 

It woxdd be interesting to determine whether the pneu- 
mogastrics influence the intestinal secretions through their 
own fibres or through filaments received from the sympa- 
thetic system; but there are no experimental facts suffi- 
ciently definite to admit of a positive answer to this question. 
If the action take place through the sympathetic system, as 
in the case of the stomach, the filaments of communication 
join the pneumogastrics high up in the neck, and become 
incorporated with the true fibres of the nerve in its trunk. 

Summary of the Distrihition^ Properties^ and Functions 
of the Pneumogastrics, — The pneumogastrics have their ap- 
parent origin from the lateral portion of the medulla oblon- 
gata, just behind the olivary bodies, between the roots of 
the glosso-pharyngeals and the spinal accessories. Their 
deep origin is mainly from the gray substance in the floor 
of the fourth ventricle. In their course, they each present 
two ganglia, the ganglion of the root and the ganglion of the 
trunk. They pass out of the cranial cavity on eitlier side, by 
the posterior foramen lacerum, with the glosso-pharyngeals, 
the spinal accessories, and the internal jugular veins. 

The nerves receive anastomosing branches from the spinal 
accessories, facials, sublinguals, the anterior roots of the up- 
per two cervicals, and the sympathetic. The nerves fre- 

> See p. 224. 
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quently send branches to the glosso-pharyngeals ; and fila- 
ments joining others from the glosso-pharyngeals, the spinal 
accessories, and the sympathetic, go to form the pharyngeal 
plexus. 

From above downward, the branches of the pneumogas- 
tries are the following : 

1. The auricular, distributed to the integument of the 
upper portion of the external auditory meatus, and to the 
membrana tympani. 

2. The pharyngeal, containing motor filaments derived 
from the spinal accessory, distributed to the muscles and 
mucous membrane of the pharynx. 

3. The superior laryngeals, distributed to the mucous 
membrane of the epiglottis, base of the tongue, aryteno- 
epiglottidean folds, ventricles of the larynx and lining mem- 
brane as far as the true vocal cords, and to the crico-thyroid 
muscle. From these nerves and the main trunk of the 
pneumogastrics, arise the so-called depressor-nerves of the 
circulation. 

4. The inferior laryngeals, turning around the great ves- 
sels at the top of the thorax, pass up the neck, sending 
filaments to the upper part of the oesophagus, trachea, and 
the inferior constrictors of the pharynx, their terminal 
branches supplying all of the muscles of the larynx except 
the crico-thyroids. 

5. The cervical and thoracic cardiac branches, going to 
the cardiac plexus, to be distributed to the heart. 

6. The anterior and posterior pulmonary branches, dis- 
tributed to the pulmonary tissue, following out the bronchial 
tree to its minutest ramifications, and sending a few fila- 
ments to the trachea and to the pericardium. 

7. The oesophageal branches, distributed to the lower 
third of the oesophagus. 

8. The abdominal branches, the left distributed to the 
stomach and the liver ; and the right, sending a few fila- 
ments to the stoma'jh, and distributed finally to the liver, 
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spleen, kidneys, suprarenal capsules, and the whole of the 
small intestine. 

The true filaments of origin of the pneumogastrics are 
exclusively sensory, and the nerves contain no motor fila- 
ments, except those derived from their anastomoses. 

The sensory filaments of the auricular branches give sen- 
sibility to the upper part of the external auditory meatus 
and the membrana tympani. 

The motor filaments of the pharyngeal branches animate 
the muscles of the pharynx. The sensory filaments are not 
important in the reflex phenomena of deglutition, but prob- 
ably contribute slightly to the general sensibility of the 
pharynx. 

The superior laryngeal nerves give sensibility to the up- 
per portion of the larynx. They are exquisitely sensitive, 
and, by their reflex action, aid in closing the larynx to the 
entrance of foreign substances, and in the production of the 
movements of deglutition." Stimulation of these nerves pro- 
duces movements of deglutition and arrests the action of the 
diaphragm. They animate, also, the movements of the crico- 
thyroid muscles. 

The inferior laryngeals contain chiefly motor filaments. 
They embrace the filaments from the spinal accessories, which 
preside over phonation. They also contain motor filaments 
from other sources, which preside over the respiratory move- 
ments of the glottis. Their division abolishes vocal sounds, 
and, in young animals, causes death by suffocation, the glot- 
tis being closed in inspiration. Galvanization of their cen- 
tral ends, after division, generally produces movements of 
deglutition and arrest of the action of the diaphragm. 

The action of the cardiac branches has been studied by 
experiments upon the pneumogastrics in the cervical region. 
Division of the pneumogastrics in the neck increases the 
number of pulsations of the lienrt. Galvanization of the 
peripheral ends, after division, arrests the heart's action in 
diastole, and galvanization of the central ends has no effect 
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on tlie circulation. The direct inhibitory action of the pneu- 
mogastrics operates through filaments derived from the spinal 
accessories. Galvanization of the " depressor-nerves " retards, 
or may arrest the pulsations of the heart, by reflex action. 
This occurs only when the central ends of the divided nerves 
are stimulated. Galvanization of the central ends of these 
nerves also diminishes the pressure of blood in the large ves- 
sels. This is due to reflex action through the splanchnic 
nerves, by which the vessels of the intestines are dilated. 
No such effect is produced when the splanchnic nerves have 
been divided. There is no entirely satisfactory explanation 
of the influence of the pneumogastrics on the heart. 

The action of the pulmonary branches has been studied 
chiefly by observations on the pneumogastrics in the cervical 
region. Division of the pneumogastrics in this situation, in 
young animals, produces almost instant death by closure of 
the glottis in inspiration. In animals full-grown, death oc- 
curs in from two to five days, and the respiratory acts are 
very much diminished in frequency. "When death occurs in 
this way, the lungs are found partially or completely " car 
nified." This is due to mechanical causes. The small pul- 
monary vessels are ruptured by the excessively deep inspira- 
tions, and blood is gradually effused and coagulates. The 
pneumogastrics have but little to do in conveying to the 
nerve-centres the sense of want of air which gives rise to 
the respiratory movements. Galvanization of the central 
ends of the pneumogastrics divided in the cervical region 
has the following effects : A very feeble excitation accele- 
rates, and a more powerful excitation retards respiration. 
A suflSciently powerful excitation arrests respiration. Gal- 
vanization of the peripheral ends has no effect on respira 
tion. 

The oesophageal branches supply only the lower third of 
the oesophagus. The upper portion receives branches from 
the inferior laryngeals, and the middle portion is supplied 
by branches from the posterior pulmonary nerves. The sen- 
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sibility of the mucous membrane of the oesophagus, as well 
as the movements of its muscular coat, depends upon these 
branches. Division of the nerves paralyzes the oesophagus, 
and galvanization of the roots of the pneumogastrics causes 
the tube to contract in its entire length. When the nerves 
are divided, the oesophagus may become distended with food 
forced in by the constrictors of the pharynx, but little or 
none passes to the stomach. Eegurgitation of food some- 
times occurs under these conditions, the muscular coat of 
the oesophagus contracting under the direct stimulus of dis- 
tention. 

The function of the abdominal branches has been studied 
chiefly by operating on the pneumogastrics in the cervical 
region. Division of the nerves produces congestion of the 
liver, and sometimes slight extravasation, and renders the 
bile somewhat watery. It also aiTcsts, in from one to two 
days, the glycogenic function of the liver. Galvanization 
of the peripheral ends of the divided nerves has no effect 
on the liver. Galvanization of the central ends exaggerates 
the glycogenic function and renders animals diabetic. The 
inhalation of irritating vapors or of anaesthetics has the same 
effect. This action is reflex, and the direct stimulus to the 
liver does not pass through the pneumogastrics, for division 
of the nerves between the lungs and the liver has no influ- 
ence on the production of sugar. Irritation of the floor of 
the fourth ventricle, opposite the origin of the pneumogas- 
trics, exaggerates the glycogenic function. The stimulus is 
not propagated through the pneumogastrics, for the effect is 
the same after both nerves have been divided. It probably 
operates through the sympathetic, for diabetes cannot be 
produced after the branches going to the solar plexus have 
been divided. 

Section of the pneumogastrics in the neck paralyzes, 

nearly but not entirely, the muscular coats of the stomach. 

When the section is made in an animal in fall digestion, the 

mucous membrane, from being tense and full of blood, be 
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comes pale and flaccid, and stomacli-digestion is arrested. 
Afterward, very feeble movements of the stomach may oc- 
cur as the result of local irritation, and small quantities of 
food, very finely divided, may be digested. Galvanization 
of the nerves in the neck produces contractions of the mus- 
eidar coats of the stomach. This action probably takes place 
through sympathetic filaments going to the pneumogastrics 
high up in the cervical region. Section of the nerves slight- 
ly retards absorption from the stomach. 

After division of both pneumogastrics in the neck, purga- 
tive poisons, given even in fatal doses, generally fail to pro- 
duce watery discharges from the intestine.* 

1 Compression of the pneumogastrics has lately been recommended by Wal- 
ler to produce anaesthesia in surgical operations, etc. The effects of pressure 
of these nerves in the human subject are described by Aristotle, quoted by 
Waller. In some cases, the patient falls instantly, as if struck by lightning, 
while in others the effects are not so marked. Waller has employed this method 
for the production of anaesthesia under varied conditions, and has never ob- 
served any serious after-effects. He relates a case of successful reduction of a 
very difficult dislocation of the shoulder, which had resisted previous efforts, 
after two or three minutes of simultaneous compression and traction. He also 
relates a case of painless extraction of a tooth by the same means. The im- 
possibility of compressing the pneumogastrics, in the human subject, without 
disturbing the circulation in the brain by pressure on the carotids, in view of 
the fact that cerebral anaemia produces anaesthesia, renders it impossible to ac- 
cept, without reserve, the conclusions of Waller. (Waeikb, On the Compremon 
of the Vag%t» Nerve^ considered as a Means of producing Asthenia or Antmlhesia 
in Surgical Operations. — Practitioner^ London, December, 1870, No. xxx^ pw 
822.) 
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CHAPTER IX. 

PHTSIOLOGICAL ANATOMY A^TD GENERAL PROPEBTIES OF THE 
SPINAL CORD. 

General arrangement of the cerebro-spinal axis — ^Membranes of the encephalon 
and spinal cord — Cephalo-rachidian fluid — ^Physiological anatomj of the 
spinal cord — Direction of the fibres after they have penetrated the cord by 
the roots of the spinal nerves — General properties of the spinal cord — 
Effects of stimulation applied directly to different portions of the cord. 

Under the head of special senses, we shall consider, in 
another volume, the properties and functions of the first and 
second nerves, the portio mollis of the seventh, or auditory, 
and the gustatory nerves, comprising a part of the glosso- 
pharyngeal and a small filament from the facial (the chorda 
tympani) going to the lingual branch of the fifth. This will 
include a full account of the organs of smell, sight, hearing, 
and taste, with a description of the general sensory nerves, 
as far as they are concerned in the sense of touch. We will 
here begin our history of the cerebro-spinal axis, which will 
include the physiological anatomy, properties, and functions 
of the encephalon and spinal cord. 

General Arrangement of the Cerebrospinal. Axis, — The 
nervous matter contained in the cavity of the cranium and 
in the spinal canal, exclusive of the roots of the cranial and 
spinal nerves, is known as the cerebro-spinal axis. This 
portion of the nervous system is composed of white and 
gray nervous matter. The fibres of the white matter act as 
conductors. The gray matter constitutes a chain of ganglia. 
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wliicli act as nerve-centres, receiving impressions and gen- 
erating the so-called nerve-force. The gray matter of the 
spinal cord also serves, to a greater or less extent, as a con- 
ductor. 

The cerebro-spinal axis is enveloped in membranes, for 
its protection and for the support of its nutrient vessels. It 
is surrounded, to a certain extent, with liquid, and presents 
cavities, as the ventricles of the brain and the central canal 
of the cord, which contain liquid. The gray matter is dis- 
tinct from the white, even to the naked eye. In the spinal 
cord, the white substance is external and the gray is internal. 
The surface of the brain presents an external layer of gray 
matter, the white substance being internal. In the white 
substance of the brain, also, we find collections of gray 
matter. As we should expect from the similarity in func- 
tion between the white matter and the nerves, this por- 
tion of the cerebro-spinal axis is composed largely of fibres. 
The gray substance is composed chiefly of ccUs. 

The encephalon is contained in the cranial cavity. In 
the human subject and in many of the higher animals, its 
surface is marked by numerous convolutions, by which the 
extent of its gray substance is very much increased. The 
cerebrum, the cerebellimi, and all of the encephalic ganglia 
are connected with the white snbstance, and are contin- 
uous with the spinal cord. With the encephalon and the 
cord, all of the cerebro-spinal nerves are connected. The 
cerebro-spinal axis acts as a conductor, and its different col- 
lections of gray matter, or ganglia receive impressions con- 
veyed by the sensory conducting fibres, and generate nerve- 
force, which is transmitted to the proper organs by the motor 
fibres. 

Membranes of the Encephalon and Spinal Cord. — The 
membranes of the brain and spinal cord are, the dura mater, 
the arachnoid, and the pia mater. 

The dura mater of the encephalon is a dense, fibrous 
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membrane, in two layers, composed chiefly of inelastic tis- 
sue, wliich lines the cranial cavity and is adherent to the 
bones. In certain situations, its two layers become sepa- 
rated and form what are known as the venous sinuses. The 
dura mater also sends off folds or processes of its internal 
layer; one of these passes into the longitudinal fissure, and 
is called the falx cerebri ; another lies between the cerebmm 
and the cerebellum, and is called the tentorium; another 
is situated between the lateral halves of the cerebellum, and 
is called the falx cerebelli. The dura mater is closely at- 
tached to the bone at the border of the foramen magnum. 
From this point, it passes into the spinal canal and forms a 
loose covering for the cord. In the spinal canal, this mem- 
brane is not* adherent to the bones, which have, like most 
other bones in the body, a special periosteum. At the fora- 
mina of exit of the cranial and the spinal nerves, the dura 
mater sends out processes which envelop the nerves, with 
the fibrous sheaths of which they soon become continuous. 

The arachnoid is an excessively delicate serous membrane, 
in two layers, the surfaces of which are nearly in contact. The 
external layer lines the internal surface of the dura mater.* 
like the other serous membranes, the arachnoid is covered 
with a layer of tesseUated epitheliimi. There is a small 
amount of liquid between the two layers of the arachnoid ; 
but by far the greatest quantity of liquid surrounding the ccre- 
bro-spinal axis lies beneath both layers, in what is called the 
subarachnoid space. This is called the cerebro-spinal, or 
ccphalo-rachidian fluid. The fact that it exists in greatest 
quantity beneath both layers of the arachnoid was first 
pointed out by Magendie.* The arachnoid does not follow 
the convolutions and fissures of encephalon or the sulci of 

^ According to Kolliker, the arachnoid consists of a single layer, the layer 
attached to the dura mat^r being not properly a membrane, but sunply an 
epithelial covering (Handhxtch der Gewebdehrey Leipzig, 186Y, S. 808). 

' Hagekdie, Recherchea phtfsiologiqtiet et clirUques sur U liquide ekphalo* 
rachidieriy Paris, 1842. 
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the cord, but simply covers their surfaces. Magendie point- 
ed out a longitudinal, incomplete, cribriform, fibrous septimi 
in the cord, passing from the inner layer of the arachnoid to 
the pia mater; A similar arrangement is found in certain . 
situations at the base of the skull.* 

The pia mater of the encephalon is a delicate fibrous 
structure, exceedingly vascular, seeming to present, indeed, 
only a skeleton net-work of fibres for the support of thfe ves- 
sels going to the nervous substance. This membrane cov- 
ers the surface of the encephalon immediately, follows the 
sulci and fissures, and is prolonged into the ventricles, where 
it forms the choroid plexus and the velum interpositum . From 
its internal surface, small vessels are given off which pass 
into the nervous substance. 

The pia mater of the encephalon is continuous with the 
corresponding membrane of the cord ; but in the spinal 
canal, it is thicker, stronger, more closely adherent to the 
subjacent parts, and its blood-vessels are by no means so 
numerous. In this situation, many of the fibres are arranged 
in longitudinal bands. This membrane lines the anterior 
sulcus and a portion of the posterior sulcus. It is sometimes 
spoken of as the neurilemma of the cord. 

At the foramina of exit of the cranial and the spinal 
nerves, the fibrous structure of the pia mater becomes con 
tinuous with the nerve-sheaths. 

Between the anterior and posterior roots of the spinal 
nerves on either side of the cord, is a narrow ligamentous 
band, the ligamentum denticulatum, which assists in holding 
the cord in place. This extends from the foramen magnum 
to the terminal filament of the cord, and is attached, inter- 
nally, to the pia mater, and externally, to the dura mater. 

It is not necessary to enter into a detailed description of 
the arrangement of the blood-vessels, nerves, and lymphatics 
of the membranes of the brain and spinal cord, or of the vas- 
cular arrangement in the substance of the cerebro-spinal axis, 
^ Magemdik, op. ciUj p. 14. 
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as these points are chiefly of anatomical interest. The circu- 
lation in these parts presents certain peculiarities. In the 
first place, the encephalon being contained in an air-tight 
case of invariable capacity, it has been a question whether 
or not the vessels be capable of contraction and dilatation, 
or whether the quantity of blood in the brain be subject to 
modification in health or disease. This question may cer- 
tainly be answered in the aflSrmative. In infancy and in the 
adult, when an opening has been made in the skuD, the volume 
of the encephalon is evidently increased during expiration and 
is diminished in inspiration. Under normal conditions, in the 
adult, it is probable that the amount of blood is increased in 
expiration and diminished in inspiration ; but it is not prob- 
able that the cerebro-spinal axis undergoes any considera- 
ble movements. The important peculiarities in the cerebral 
circulation have already been ftiUy considered in another 
volume.* 

An important feet was pointed out by Robin, and after- 
ward by His, with regard to the arrangement of the lym- 
phatic vessels of the brain. It was shown by these observers, 
that the encephalic capillaries are surrounded or nearly sur- 
rounded by canals (perivascular canal-system) which exceed 
the blood-vessels in diameter by from -^^ to -^ of an 
inch, and are connected with lymphatic trunks or reservoirs 
situated under the pia mater.* The system of canals may, 
by variations in its contents, serve to equalize the amount 
.of liquid in the brain as its blood-vessels are distended or 
contracted. 

Cephal(hra€hidian Fluid. — The older writers referred 
to in works upon physiology, as giving the most accurate 
description of the cephalo-rachidian fluid, are Haller * and 
Cotugno;* but it remained for Magendie, in 1825, to de- 

' See Tol t, Circulation, p. 832. « See toI ii., Abeorption, p. 438. 

• Hallbr, Klementa Phynologia^ Lausanns, 1762, tomus iv., p. 87. 

< Extrait de la dmertatUm de Cotugno, de lacftiade NervoMy eonienue dan9 le 
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scribe its exact situation, with the communications between 
the different cavities of the brain and the subarachnoid 
space.* By a series of ingeniously-contrived experiments 
upon the cadaver and in living animals, Magendie showed 
that the greater part of the fluid in the cranium and the 
spinal canal is contained in what is known as the sub- 
arachnoid space; that is, between the inner layer of the 
arachnoid and the pia mater, and not between the two lay- 
ers of the arachnoid. The ventricles of the encephalon are 
in communication with the central canal of the cord, and, as 
was shown by Magendie, they are also in communication 
with the general subarachnoid space, by a narrow, triangu- 
lar orifice, situated at the inferior angle of the fourth ventri- 
cle. By this arrangement, the liquid in the ventricles of the 
encephalon and the central canal of the cord communicates 
with the liquid surrounding the cerebro-spinal axis, and the 
pressure upon these delicate parts is equalized. 

As far as we know, the function of the cephalo-rachidian 
fluid is simply mechanical, and its properties and composi- 
tion have no very deflnite physiological signiflcance. Its 
quantity was estimated by Magendie at about two fluid- 
ounces;' but this was the smallest amount obtained by 
placing the subject upright, making an opening in the lum- 
bar region and a counter-opening in the head to admit the 
l^ressure of the atmosphere. The exact quantity in the liv- 
ing subject could hardly be estimated in this way ; and it is 
difficult, indeed, to see how any thing more than a roughly, 
approximative idea could be obtained. The quantity ob- 
tained by Magendie probably does not represent the entire 
amount of liquid contained in the ventricles and in the sub- 

77if9aurus DisaertcUionum de Sanditert, tome ii., p. 411, Rotcnlaro, 1769. — 
Tournal de physiologie^ Paris, 182Y, tome vii., p. 88. 

^ Magendie, Memaire tur un liquide qui »e irouve dans U crane et U r<xn€d 
vrrtibral de Vhomme ct (fct animaux mammi/h'es. — Journal de phi/aiolcffie^ Paris, 
1825, tome v., p. 2Y; Md., 182Y, tome vii., pp. 1, 66; and, lieelitrchei phynolo' 
piques et cliniques imr le Hquide dphalo-rachidien^ Paris, 1842. 

* Magendie, Liquide ctphalo-rachidien^ Paris, 1842, p. 86. 
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arachnoid sx)ace, but it is the most definite estimate that has 
been given. 

The discharge of a certain quantity of the cephalo-rachid- 
ian fluid does not produce any marked derangement in the 
action of the nervous system. In the first experiments of 
Magendie, in which the muscles of the neck and the occipito- 
atloid ligament were divided, the animals were affected with 
iiTegular movements, general paralysis, etc. ; * but it is stated 
by Longet' and by Bernard, that these phenomena are due 
to the division of the parts involved in the operation, and 
not to the removal of the liquid. When the liquid is al- 
lowed to flow spontaneously through a small trocar intro- 
duced without division of the muscles of the ne.ck, there fol- 
lows no serious nervous distm'bance ; but when the liquid is 
drawn out forcibly with a syringe, the animal first becomes 
enfeebled, and afterward seems affected with general paraly- 
sis. These phenomena are attributed by Bernard, not so 
much to removal of the fluid, as to congestion of blood-ves- 
sels and even effusion of blood, which follow sudden dimi- 
nution in the pressure.* 

Sudden increase in the quantity of liquid surrounding 
the cercbro-spinal axis produces coma, probably from com- 
pression of the centres. This was shown by Magendie, by 
injecting water in animals, and also by compressing the tu- 
mor, in cases of spina bifida in the human subject, by which 
the fluid was pressed back into the spinal canal. In the 
cases of spina bifida, the subject, during the compression, 
fell into coma, which was instantly relieved by removing 
the pressure.* 

It was ascertained by Magendie, and this has been con- 
finned by all later observers, that the cephalo-rachidian fluid 

' Magendie, Liquide cephalo-raekidien, Paris, 1842, p. 58. 

• LoKGET, Traite de phytiologie^ Paris, 1869, tome iiL, p. 306. 

• Bernard, Systeme nerveux^ Paris, 1858, tome i., p. 496, ei seq, 

Bernard states that Magendie recognized the error in his first interpretation of 
the phenomena following removal of the cephalo-rachidian fluid (Ibid., p. 496). 

• Magendie, op, cit.y p. 60. 
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IS speedily reproduced after its evacuation. In all probabil- 
ity, it is secreted by the pia mater.* 

The general properties and composition of the fluid un- 
der consideration are, in brief, the following : * It is perfectly 
transparent and colorless, free from viscidity, of ar distinctly 
saline taste, alkaline reaction, and resists putrefaction for 
a long time. It is not affected by heat or acids. As we 
should expect from its low specific gravity and purely me- 
chanical function, it contains a large proportion of water ; 
981 to 985 parts per thousand. It contains a considerable 
quantity of chloride of sodium, a trace of chloride of potas- 
sium, sulphates, carbonates, and alkaline and earthy phos- 
phates. In addition, it contains traces of urea, glucose, lac- 
tate of soda, fatty matter, cholesterine, and albumen. 

As a summary of the function of the cephalo-rachidian 
fluid, it may be stated, in general terms, that it serves to 
protect the cerebro-spinal axis, chiefly by equalization of the 
pressure in the varying condition of the blood-vessels, accu- 
rately filling the space between the centres and the bony 
cavities in which they are contained. That the blood-vessels 
of the cerebro-spinal axis are subject to variations in tension, 
is readily shown by introducing a canula into the subarach- 
noid space, when the jet of fluid discharged will be increased 
with every violent muscular effort." The pressure of the 
fluid, in this instance, could only be affected through the 
blood-vessels. 

Physiological Anatomy of the Spinal Cord. 

The spinal cord, with its membranes, the roots of the 
spinal nerves, and the surrounding liquid, occupies the spinal 
canal and is continuous with the encephalon. Its length is 
from fifteen to eighteen inches, and its weight is about an 
ounce and a half. Its form is cylindrical, slightly flat- 

> Op. cHy pp. 88, 89. 

' Robin, Zeforu sur lea kumeun, Paris, 1867, p. 269. 

' Maqendis, Journal de phytioloffie^ Paris, 1827, tome Tii., p. 9. 
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tened in certain portions. It extends from the foramen 
magnnm to the first lumbar vertebra. It presents, at the 
origin of the brachial nerves, an elongated enlargement, and 
a corresponding enlargement at the origin of the nerves 
which supply the lower extremities. It terminates below in 
a slender, gray filament, called the filum terminale. The 
sacral and coccygeal nerves, after their origin from theiower 
portion of the cord, pass downward to emerge by the sacral 
foramina, and form what is known as the cauda equina. 

The substance of the cord is formed of white and gray 
matter, the white matter being external. The proportion 
of white matter to the gray is greatest in the cervical region. 
This fact is important in studying the course of the fibres 
and in view of the functions of the cord as a conductor. 
The inferior, pointed termination of the cord consists en- 
tirely of gray matter. 

The cord is marked by an anterior and a posterior me- 
dian fissure, and by imperfect and somewhat indistinct an- 
terior and posterior lateral grooves, from which arise the 
anterior and the posterior roots of the spinal nerves. The 
posterior lateral groove is tolerably well marked, but there 
is no distinct line at the origin of the anterior roots. The 
anterior median fissure, or sulcus, is perfectly distinct. It 
penetrates the anterior portion of the cord in the median 
line for about one-third of its thickness, and receives a high- 
ly-vascular fold of the pia mater. It extends to the anterior 
white commissure. The posterior fissure is not so distinct 
as the anterior, and is not lined throughout by a fold of the 
pia mater, but is filled with connective tissue and blood-ves- 
sels, which form a septum posteriorly, between the lateral 
halves of the cord. The posterior median fissure, so called, 
extends nearly to the centre of the' cord, to the posterior 
gray conmaissure. 

Physiologically and anatomically, the cord is divided 
mto two lateral halves ; but the division of each half into 
columns is not so distinct. Anatomists generally regard a 
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half of the cord as consisting of three columns : The ante- 
rior column is bounded by the anterior fissure and the ori- 
gin of the anterior roots of the spinal nerves ; the lateral 
column is included between the anterior and tlie posterior 
roots of the nei*ves ; the posterior column is bounded by the 
line of origin of the posterior roots and the posterior fis- 
sure.* Some anatomists include the lateral with the anterior 
column, imder the name of the antero-lateral column, taking 
in about two-thirds of the cord. Next the posterior median 
fissure, is a narrow band, marked by a faint line, which is 
sometimes called the posterior median column. 

The arrangement of the white and the gray matter in 
the cord is seen in a transverse section. The gray substance 
is in the form of a letter H, presenting two anterior and two 
posterior cornua connected by what is called the gray com- 
missure. The anterior cornua are the shorter and broader, 
and do not reach to the surface of the cord. Tlie posterior 
cornua are larger and narrow, and extend nearly to the sur- 
face, at the point of origin of the posterior roots of the spi- 
nal nerves. In the centre of the gray commissm^e, is a very 
narrow canal, lined by cells of ciliated epithelium, called the 
central canal. This is in communication above with the 
fourth ventricle, and extends below to the filum terminale. 
That portion of the gray commissure in front of this canal 
is sometimes called the anterior gray commissure, the poste- 
rior portion being known as the posterior gray commissure. 
The central canal is imr^ediately surrounded by connective 
tissue. In front of the gray commissure, is a mass of white 
substance known as the anterior white commissure. 

The proportion of the white to tlie gray substance is 
variable in different portions of the cord. In the cervical 
region, the white substance is most abundant, and, in fact, 
it progressively increases in quantity from below upward 
throughout the whole extent of the cord. In the dorsal 
region, the gray matter is least abundant, and it exists in 
greatest quantity in the lumbar enlargement. 
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The white substance of the cord is composed of nerve- 
fibres, connective-tissue elements, and blood-vessels, the lat- 
ter arranged in a very wide and delicate plexus. The nerve- 
fibres are variable in their size, and are composed of the 
axis- cylinder surroimded by the medullary substance, with- 
out, however, the investing membrane. "We will speak far- 
ther on of the direction of the fibres in the cord. • 

The anterior comua of gray matter contain blood-vessels, 
connective-tissue elements, very fine nerve-fibres, and large 
multipolar nerve-cells, which are sometimes called motor 
cells. The posterior comua are composed of the same ele- 
ments, the cells being much smaller, and the fibres exceed- 
ingly small, presenting very fine plexuses. The cells in this 
situation are sometimes called sensory cells. Near the pos- 
terior portion of each posterior comu, is an enlargement, of 
a gelatiniform appearance, containing numerous small cells 
and fibres, called the substantia gelatinosa. 

The foregoing description of the different structures and 
parts of the cord is necessary to a comprehension of the di- 
rection of the fibres in the f pinal axis and their connections 
with the nerve-cells, which is the anatomical basis of our 
knowledge of its physiology. The connections between the 
cells and the fibres have already been described in the chap- 
ter on the general structure of the nervous system.* The 
midtipolar nerve-cells are supposed to present certain pro- 
longations which do not branch and are directly connected 
with the medullated nerve-fibres. These are called nerve- 
prolongations. In addition, fine, branching poles are de- 
scribed under the name of protoplasmic prolongations. 

The direction of the fibres in the cord is one of the most 
diflScult and complicated questions in physiological anatomy ; 
and, especially as regards the posterior roots of tlie nen^es, 
is one which cannot as yet be elucidated by purely anatomi- 
cal investigations, but requires the aid of experimental and 
pathological observations. 

' See page 50. 
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Direction of Vie Fibres after they hxAse penetrated the 
Cord ly ih/e Roots of the Spinal Nerves. — ^In order to under- 
stand fully the importance of this question, it is necessary to 
bear in mind the following physiological facts : 

1. The cord serves as a conductor of impressions to the 
brain, conveyed to it through the posterior roots, and of 
stimulus generated by the brain and passing from the cord 
by the anterior roots of the spinal nerves. This action is 
crossed, the decussation taking place mainly at the medulla 
oblongata, for the anterior portions, and throughout the 
whole extent of the cord, for the posterior portions. 

2. Independently of its action as a conductor, the cord, 
disconnected from the rest of the cerebro-spinal axis, acts as 
a nerve-centre, by virtue of its gray matter and the fibres 
connected with the cellular elements of this substance. 

Bearing in mind these points, which are matters of posi- 
tive demonstration, we are prepared to study the anatomical 
relations of the fibres and cells. In this, we cannot follow 
minutely and critically discuss the elaborate investigations 
of Stilling, Clarke, Kolliker, Yan der Kolk, Gerlach, Dean, 
and others, without treating extensively of points which pos- 
sess a purely anatomical and a more or less controversial in- 
terest ; and we will content ourselves with the following very 
recent description, quoted in full from Gerlach, which em- 
bodies about aU of our positive knowledge of the subject, 
presented in the clearest manner possible. This extract, the 
translation of which is almost literal, should be carefully 
studied by those who desire to learn what is known at the 
present day with regard to the physiological anatomy of tlie 
cord. As a preparation for this study, it would be well to 
closely examine Fig. 10, which gives a general view of the 
difierent parts of the cord, shown in a transverse section : 

" With the present methods and means of investigation 
at our command, we can scarcely give an exact, detailed de- 
scription of the course of the fibres in the spinal cord, the 
groimd-work of the physiology of this organ. Investigations 
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up to this time afford at least the outlines of a sketch which, 
as regards the course of the fasciculi of the anterior roots, 
has a tolerably definite basis; and, on the other hand, with 
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Transverse section of the spinal cord of a child six months old, at the middle of the lumhar en- 
largement, treated with potasslo-chloride of gold and nitrate of umniuni iiy means of these 
reagents, the direction of the fibres in the gray substance is rendered unusually distinct. 
Magnified 20 diameters. — tu, anterior columns; b. posterior columns; c, lateral columns; 
cf, anterior roots ; e, posterior roots ; /, anterior white commissure, in communication with 
the fiuclcali of the anterior comua and the anterior columns; g, central canal with its epithe- 
lium ; /s surrounding connective substance of the central canal ; », transverse foscicuU of the 
pay commissure in front of the central canal; i\ transverse fasciculi of the gray commissure 
behhid the central canal ; L, transverse section of the two central veins ; m, anterior cornua ; 
«, great lateral cellular toyer of the anterior comua ; o, lesser anterior ceDular layer; p. small- 
est, median cellular layer; q, posterior comua; r, ascending fiiscicull in the posterior comua; 
«, substantia gelatlnosa (Oeelach, in Stbickbr, Ilandbudi der Lelire von dm Geiceberij 
Leipzig, 1868, S. 666). 

regard to the fasciculi going to the spinal cord through the 
posterior roots, is quite incomplete and uncertain. 

'* The fasciculi of the anterior roots, after their entrance 
into the cord, pass diagonally through the white substance. 
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and, as such, are not at all concerned in its formation. On 
the contrary, they pass immediately to the gray substance 
of the anterior comua, and, by their prolongations, are in 
direct connection with the nerve-cells in this situation, which, 
accordingly, are to be regarded as the elements of origin of 
the anterior roots in the cord. The protoplasmic processes 
of these nerve-cells form parts of the fine plexuses of nerve- 
fibres in the gray substance, from which larger nerve-fibres 
take their origin. These, extending in two directions, leave 
the gray substance, to pass up in the white substance to the 
brain. In consequence of the entrance of additional nerve- 
fibres, the white substance is necessarily increased in quan- 
tity in the cord from below upward. With regard to the 
course of the fasciculi which pass out of the gray substance 
of the anterior comua, these are to be divided into median 
and lateral. The median fasciculi pass immediately into the 
anterior white commissure, where they decussate with corre- 
sponding fasciculi from the opposite side, to pass upward 
again in the anterior column of the other half of the cord. 
The lateral fasciculi go to the lateral columns of the same side, 
in which they pass to the brain, having first undergone de- 
cussation in the anterior pyramids of the medulla oblongata. 
" The posterior nerve-roots enter horizontally, running 
in the white substance of the spinal cord, in a direction from 
without inward toward the median line, and here divide into 
two portions. The latcfal portion, the smaller, retains the 
horizontal direction, and passes through the substantia gelati- 
nosa, dividing into fine and the finest bundles, in the man- 
ner mentioned above, to take part in the formation of the 
vertical bundle of fibres which lie immediately in front. 
Here the fibres pass onward, a portion of them ascending 
and a portion descending. The fibres of the lateral portion 
of the posterior roots do not remain very long in the verti- 
cal bundle, but curve forward in an horizontal plane, and in 
this way reach the portion of the posterior comua containing 
a fine plexus of nerve-fibres. 
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" The median (larger) portion of the posterior root-fibres 
passes to that portion of the posterior column which bounds 
the substantia gelatinosa internally and posteriorly; and 
curving, takes here a vertical course to pass into the poste- 
rior columns, extending chiefly upward, but perhaps down- 
ward as well. The median posterior root-fibres then imdergo 
another deflection, by which they again take an horizontal 
direction, and pass to the gray substance of the posterior 
comua, in part through the median portion and in part by 
the inner border of the substantia gelatinosa. With regard 
to the further course of the posterior root-fibres, it is impos- 
sible to present positive explanations, for the reason that the 
present methods of investigation do not aflbrd any means of 
distinguishing the posterior fibres from the nerve-tubes in 
the vertical fasciculi of the posterior comua, or those passing 
from the gray substance into the posterior columns, to ascend 
to the brain. The numerous divisions which the posterior 
root-fibres penetrating the posterior comua immediately 
undergo indicate, however, that a portion of them is lost 
directly in the fine nerve-plexus of the gray substance. But 
at the same time there are numerous fibres which extend 
forward, and others which take a more or less wavy course 
toward the median line. The first, perhaps, can be regarded 
as posterior root-fibres, which pass in a forward direction in 
the nervous plexus ; the latter, on the other hand, belong to 
the commissural fibres, which cross the median line in the 
gray substance in front of and behind the central canal. In 
my opinion, the fibres which penetrate the posterior com- 
missure are not to be regarded as belonging directly to the 
posterior roots^ but are to be considered as fibres which pass 
backward to go either to the vertical fasciculi of the gray 
substance, or to pass to the brain in the posterior columns. 
If this idea be correct, and it is sustained by analogous con- 
ditions in the anterior comua, the following view may be 
given of the course of the fibres of the posterior roots which 
penetrate the gray substance : ' A portion of the posterior 
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root-fibres, immediately after their entrance into that por- 
tion of the gray substance which contains a nerve-plexus, 
is lost in this plexus ; another portion extends farther for- 
ward, and, in proportion as the fibres pass forward, they 
likewise take part, by constant divisions, in the formation 
of the nerve-plexus. This plexus, in which larger and small- 
er nerve-cells are interspersed as it were as knotted points 
{Knotervpimkte)^ are in direct connection with the plexus of 
the anterior comua. From these cells nerve-fibres arise, 
which cross the median line in the gray commissure in front 
of and behind the central canal, then curve backward, to 
pass up to the brain, in part in the vertical fasciculi of the 
posterior comua, in part in the posterior columns, between 
both of which numerous connections may exist which are 
as yet inextricable.' This view involves a complete decus- 
sation in the spinal cord, through the fibrous elements of 
the posterior roots passing into this part. Whether this 
be in reality a complete or a partial decussation in this 
situation, a part of the fibres arising from the nerve- 
plexus passing simply backward without crossing the me- 
dian line, cannot be determined by definite anatomical in- 
vestigations ; but pathological researches, as well as the 
experimental results of that most competent observer, 
Brown-Sequard, are decidedly in favor of a complete decus- 
sation. 

" Finally, it must be admitted that two points especially 
are evident : 

"1. In the direction of the nerve-fibres which enter 
through the posterior roots, the gray substance has more 
numerous connections than in those which pass to the spi- 
nal cord through the anterior roots. 

" 2. The morphological distinction determinable between 
the anterior and the posterior roots is, that the former take 
their origin directly from the nerve-cells by means of the 
nerve-prolongations, while in the latter, it is only indirect 
through the nerve-plexus with the protoplasmic prolonga- 
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tions, and in this wise they are in communication with the 
nerve-cells." * 

General Properties of the Spmal Cord. 

In treating of the functions of the spinal cord, we shall 
consider, first, its general properties, as shown by direct 
stunulation of its substance in different situations ; next, its 
functions as a conductor ; and, finally, its action as a nerve- 
centre. 

The first indication that the different columns of the 
cord are possessed of different properties is to be found in 
the experiments of Magendie. This observer, however, was 
somewhat indefinite in his conclusions, particularly with re- 
gard to the anterior columns ; but he stated distinctly that 
the posterior columns are sensitive : " If we lay bare the 
cord in any portion of its extent, and if we touch, or prick 
slightly posteriorly, the two fasciculi situated between the 
posterior roots, the animal gives signs of exquisite sensibil- 
ity ; if, on the other hand, we make the same trials upon 
the anterior portion, the evidences of sensibility are scarcely 
apparent.'' ' Since this time, numerous observers have ex- 
perimented upon the different columns, both at the surface 
and in the deep portions of the cord, with varying results. 
These observations we do not propose to discuss fully in 
detail, but will refer simply to certain of them, made within 
a few years, with the advantage of a knowledge of the 
reflex phenomena following irritation of the cord, which 
must always be taken into consideration in such experiments. 

In 1861, Chauveau, as the result of numerous experi- 
ments performed upon horses, cows, sheep, goats, rabbits, 
pigs, dogs, and cats, stated that the antero-lateral columns 
of the cord were inexcitable, both at the surface and in the 

* Gerlacb, in Strickeb, Handbuch der Lehre von den Oeweben, Leipzig, 1868, 
B. 691, d »eq, 

* Maoendis, Note sur le »iige du numvement et da Hntimerd dam la tnoelU 
fpin^re, — Journal de phytidogie^ Paris, 1828, tome iii., p. 168. 
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deep portions. The facts upon which this assertion was 
based were, that direct stimulation of these portions of the 
cord in living animals, whether by mechanical means or by 
feeble galvanic shocks, produced no conti'action of muscles 
and no pain. Upon irritating the posterior columns, either 
by mechanical or galvanic stimulus, Chauveau noted pain 
and reflex movements when the irritation was applied to the 
surface, but the results were negative when the deep por- 
tions of the columns were operated upon. The surface of 
the posterior columns seemed to possess the same general 
properties as the posterior roots of the nerves, especially 
near the roots, where the sensibility was most marked, 
gradually diminishing in intensity toward the median line ; 
but the deep portions of the cord were everywhere found 
completely insensible and inexcitable.' 

The experiments and conclusions of Chauveau have a 
most important bearing upon the physiology of the cord, 
and are opposed to the views of the majority of physiologi- 
cal writers, though they have been admitted by some experi- 
menters. "We shall discuss first the experiments upon the 
antero-lateral columns, which are most remarkable in their 
negative results. In this we shall use the term excitability 
as signifying the property of the cord which enables it to 
conduct a stimulus applied directly to it to certain muscles, 
producing convulsive movements confined to these muscles, 
and not of a reflex character. We shall apply the term 
sensibility to the property by virtue of which an irritation 
directly applied is conveyed to the brain and produces a 
painful impression. 

The experiments of Chauveau and some others upon the 
antero-lateral columns are simply negative ; but their results 
are directly opposed to those of numerous experimenters, 
who have produced local and restricted convulsive move- 
ments by direct irritation of both the superficial and the 

' Chauteau, De rexcUabiliU de la moeUe ipin^.^^ournal d$ la phyMoffU^ 
Paris, 1861, tome it., p. 869. 
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deep portions of these columns. The experiments of Lon- 
get, for example, made in 1840, have been repeatedly con- 
firmed by more recent observations. Longet exposed the 
lumbar portion of the cord in a large-sized dog and divided 
it transversely. Galvanization of the antero-lateral colimins 
of the inferior portion always produced convulsive move- 
ments, while the result of irritation of the posterior columns 
was simply negative. On the other hand, galvanization of 
the posterior columns of the superior segment of the cord 
produced intense pain, and no effect followed irritation of 
the antero-lateral columns.' These results, being positive, 
are to be accepted in opposition to the negative results 
obtained by Chauveau, provided it can be shown that the 
stimulus did not extend from the cord to the roots of the 
nerves, a reservation which is important in all experiments 
in which the nerves are irritated with galvanism. Upon 
this point, we have some experiments, made in 1863, which 
will be detailed after we have discussed the properties of the 
posterior columns. 

"With regard to the posterior columns, the views of Chau- 
veau are in advance of tho^e of previous observers, only in 
so fiir as he has shown that, although the surface of this 
portion of the cord is endowed with sensibility, its deeper 
portions are entirely insensible, except in the immediate 
proximity of the posterior roots of the nerves. 

In view of the importance of the question imder consid- 
eration, and of the contradictory results of experiments, we 
repeated, in 1863, the experiments of Chauveau, under con- 
ditions as nearly physiological as possible. We had often 
had occasion to note the diminished sensibility of the roots 
of the spinal nerves immediately following the very severe 
operation of opening the spinal canal, and had also noted 
that the sensibility increased, probably approaching the nor- 
mal standard, after the animal had been allowed a few hours 



LoNQET, AnatomU et physioiogie du Bytthne nerveuXy Paris, 1842, tome 



p. 272, €t ieq, 
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of repose. For this reason, we made onr observation about 
two hours after the first operation. To avoid the suspicion 
of an extension of the galvanic current beyond the portion 
of the cord which we desired to stimulate, the irritation was 
first made by simply scratching the parts with the point of 
a needle. The following experiment is the type of several, 
in all of which the results were identical : 

May 28, 1863, at 1 p. m., the laminse and the spinous 
processes of the three lower lumbar vertebrsB were removed 
from a medium-sized dog. There was no veiy great haem- 
orrhage. The spinal cord and the roots of three of the 
nerves were exposed, and the wound was then closed. The 
operation was performed with the animal under the influ- 
ence of ether, and lasted about three-quarters of an hour. 

About two hours after the first operation, the animal was 
brought before the class at the Long Island College Hospi- 
tal. The wound was opened, and the properties of the an- 
terior and posterior roots were demonstrated. The follow- 
ing observations were then made on the spinal cord : 

The external surface of the posterior columns was irri 
tated by scratching with the point of a needle. This pro- 
duced pain, the more marked, the nearer the irritation was 
brought to the origin of the posterior roots. The surface 
was almost insensible at the median line. A feeble galvanic 
stimulus was then applied by means of a pince electriqne, 
with the same results. The deep portions of the posterior 
columns were then irritated without effect. 

The cord was then divided transversely, and mechanical 
and galvanic stimulus were applied to the cut. surfaces. 

The surface of the upper end of the cord was irritated 
with the needle, and the needle was plunged deeply into its 
substance, without effect. The same negative results fol- 
lowed application of the galvanic stimulus. 

The lower end of the cord was then elevated with a hook, 
and the surface of the anterior columns was irritated by the 
needle and by galvanism. The invariable effect was con- 
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vulsive movements in the lower extremities, without pain. 
The same irritation was applied to the deep portions of the 
anterior columns with like results ; i. e.j convulsive move- 
ments in the lower extremities, following the irritation im- 
mediately. 

The above-mentioned phenomena were fully verified by 
repeated experiments, and the animal was then killed by 
section of the medulla oblongata. 

The general movements accompanied by evidences of 
pain were readily distinguishable from the local convulsive 
movements with no pain. 

This experiment fully confirms the observations of Chau- 
veau with regard to the posterior columns, but shows, in 
opposition to Chauveau, that the anterior columns are ex- 
citable, both at the surface and in the deep portions. The 
recent observations of Yulpian are also opposed to the re- 
sults obtained by Chauveau with regard to the antero-lat- 
eral columns. From a number of carefully-executed experi- 
ments, Vulpian draws the following conclusions : 

" 1. The gray substance is absolutely inexcitable. 

" 2. The anterior fasciculi possess a certain degree of 
motor excitability. 

"3. There is no doubt that the posterior fasciculi are 
very excitable. They are sensitive and excito-motor if the 
cord be left intact, and simply excito-motor if the cord be 
divided transversely and separated from the encephalon. It 
is the same,* but to a less degree, in that portion of the lat- 
eral fasciculi contiguous to the posterior fasciculi." * 

In the face of definite and positive experiments showing 
the excitability of certain portions of the cord, it is impos- 
sible to accept the purely negative results obtained by Chau- 
veau and others. This remark applies to recent experi- 
ments made by Huizinga, carrying out the observations of 
Van Deen, in which he assumes to show that the anterior 

* VuLPiAK, Lefoni tur la phynoiogU ghtkrciU d eompar^e da systhne nerveuXy 
PariB, 1866, p. 862. 
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columns are not excitable, even near the roots of the nerves ; 
and that when convulsive movements follow galvanization 
near the roots, this is due to an extension of the current to 
the roots themselves/ 

As the result of the most definite and reliable experi- 
ments of others, bearing upon the question of the properties 
of the cord, and of our own observations, we have arrived 
at the following conclusions : 

The gray substance is probably inexcitable and insensible 
under direct stimulation. 

The antero-lateral columns are insensible, but are excita- 
ble both on the surface and in their substance ; i. e., direct 
stimulation will produce convulsive movements in certain 
muscles, which movements are not reflex and are not attend- 
ed with pain. The lateral columns are less excitable than 
the anterior columns. 

' The surface, at least, of the posterior columns is very 
sensitive, especially near the posterior roots of the nerves. 
The deep portions of the posterior columns are probably in- 
sensible, except very near the origin of the nerves. 

The above conclusions refer only to the general proper- 
ties of different portions of the cord, as sho\vn by direct 
stimulation, in the same way that we demonstrate the gen- 
eral properties of the nerves in their course. In all proba- 
bility, the fibres in the white and gray substance of the cen- 
tral nervous system conduct motor stimulus from the brain 
and sensory impressions to the brain, while they are them- 
selves insensible and inexcitable under direct stimulation. 
The physiological action of the cord as a conductor, one of 
the most interesting and important of its functions, will be 
fully considered in another chapter. 

' HuiziMOA, Die Uherreffbarkeii der vorderen Ruchenmarksirdnge. — Arehit 
far die geeamnUe Physiologie^ Boon, 1870, Bd. ill, S. 81, d eeq. 
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CHAPTER X. 

ACnON OF THE SPINAL CORD AS A CONDUCIOB. 

f ransmission of motor stimulus in the cord — ^Decussation of the motor conduct- 
ors of the cord — ^Decussation at the medulla oblongata — ^Decussation of the 
motor conductors in the cervical portion of the cord — ^Transmission of sen- 
sory impressions in the cord — ^The white substance of the posterior columns 
does not conduct sensory impressions — Action of the gray matter as a 
conductor — Probable function of the cord in connection with muscular 
coordination — ^Decussation of the sensory conductors of the cord — Summary 
of the action of the cord as a conductor. 

In treating of the functions of the spinal cord, both as a 
conductor and as a nerve-centre, we shall endeavor to discuss 
those facts only which are, it is to be hoped, cither defini- 
^ tivelj settled, or are in accordance with what is at present 
known in anatomy, physiology, and pathology. The litera- 
ture npon this portion of our subject is so extended and 
diffuse, that a full, critical analysis of the different experi- 
ments and views that have been presented since the obser- 
vations of Magendie, in 1823, would inevitably complicate 
and confuse our description. "We shall give citations, how- 
ever, which will enable the reader to refer readily to the 
most reliable historical and controversial discussions upon 
this subject.* 

^ Longet, in his treatise on physiology, gives a tolerably complete historical 
account of the numerous experimental researches concerning the functions of 
the cord as a conductor ( Traiii de physiclogie^ Paris, 1869, tome iii., p. 838, el 9eq.\ 
The writings upon this subject by Brown-S^quard are very voluminous, and are 
scattered through numerous periodical publications, while many of his papers 
arc controversial, and are reiterations of experiments and views previously pub- 
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Transmission of Motor Stimulus m the Cord. — The 
antero-lateral columns of the cord, both the white and the 
gray substance, are entirely insensible to direct irritation, 
and conduct the motor stimulus from the centres to the 
periphery. This statement may be accepted, as the result 
of positive demonstration, with very little qualification. 

If the posterior columns of the cord be divided or even 
removed for a certain length, the animal retains the power 
of voluntary motion intact. It is supposed by Dr. Brown- 
S^quard that the white substance of the antero-lateral col- 
umns, in addition to its motor properties, takes a slight but 
well-defined part in the transmission of sensory impressions, 
and this idea is based upon experiments which seem to show 
that slight sensibility remains in the lower extremities after 
section of the posterior columns.' Such experiments, how- 
ever, must be accepted with a certain degree of reserve, in 
view of the great difficulty of dividing the columns sepa- ' 
rately. If the white substance of the antero-lateral columns 
take any part in the conduction of sensory impressions, it is 
slight and unimportant. On the other hand, if the antero- 
lateral columns of the cord be divided on both sides, the 
power of voluntary motion is lost absolutely in all parts sup- 
plied with nerves coming from the cord below the section. 

It would be an interesting point to determine positively 
the relative importance of the white and the gray substance 
of the anterior columns in the transmission of motor stimu- 
lus ; but this has thus far been impossible. We cannot with 
certainty divide the gray matter of the anterior columns 
completely and leave the white substance intact, nor can we 
divide the white substance without injuring the gftiy. As 
far as experiments go, however, they seem to show that 

lished. A list of bis most important memoirs, with a short account of his ex- 
periments and conclusions, is given in the Journal de lapkynohgie^ Paris, 1862, 
tome y., p. 641, £^ seq, 

1 BROWN-SBQUABDyJ^Ep^riciKM mowtrafU que let eordona anthieun de la moeUe 
ijnnhre Mrvtnt d la tranamimoti dee impreBsiona 8en9iHve$,-^Joumal de la pAyn- 
ploffUf Paris, 1868, tome I, p. 809. 
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trahsmissioii is not effected exclusively by the white sub- 
stance, but that the gray matter plays an important part in 
this function/ We shall refer, fisffther on, to the action of the 
gray substance in the transmission of sensory impressions. 

It is evident, from anatomical facts as well as from the 
results of direct experimentation, that the fibres of conduc- 
tion of motor stimulus pass from the brain to the anterior 
roots of the nerves, through the spinal cord, from above 
downward, and that there is no other medium for the trans- 
mission of the will to the muscles. Wherever the cord 
be divided, all the muscles supplied by n6rves given off be- 
low the section are paralyzed. From the brachial enlarge- 
ment of the cord, nerves of motion pass to the superior ex- 
tremities, and the inferior extremities are supplied mainly 
by nerves coming from the lumbar enlargement. The di- 
rection of these motor fibres in the cord itself has only 
*been elucidated by experiments upon living animals. If the 
anterior columns alone be divided in the dorsal region, there 
is almost complete paralysis of the lower extremities. If the 
lateral columns be divided in this situation, without injuring 
the anterior columns, voluntary movements of the lower ex- 
tremities are diminished, but are not abolished. If the an- 
terior columns be divided high up in the cervical region, 
there is a diminution in the voluntary movements, but by 
no means so marked as when the section is made in the dor- 
sal region ; but if the lateral columns be divided in the upper 
cervical region, the paralysis is almost or quite complete.' 

The experiments just cited clearly show that the situa- 
tion of the chief motor conductors of the cord is different in 
the dorsal and in the cervical region. In the dorsal region, 
while conduction of the motor stimulus takes place through 
fibres contained both in the anterior and in the lateral 

' VuLPiAN, Le^m* tur la phyMogie genkrdle et comparSe du tysthne nerveuz^ 
Paris, 1866, p. 869. 

* Brown-S£quard, Phytidngy and PaOiotogy of the Central Nervctu J^fslem^ 
Philadelphia, 1860, p. 46. Vulpian, Systhne nervetix, Paris, 1866, p. 870. 
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columns, the transmission is mainly through the anterior 
eolimins, the lateral eolunms being much less important. 
In the cervical region, the conditions are reversed, and the 
conduction takes place chiefly by means of the lateral col- 
umns. Passing from above downward, therefore, the motor 
fibres are situated in the cervical region mainly in the lateral 
columns ; but progressively, as they pass through the dorsal 
and the lumbar portions of the cord, these fibres change 
their location and are found chiefly in the anterior col- 
umns. 

Kecent observations have not sustained the old idea that 
the lateral columns of the cord contain fibres which preside 
specially over the movements of the thorax. The experi- 
ments of Vulpian upon tliis point are conclusive. If the 
lateral column be divided on one side at about the third or 
fourth cervical vertebra, there is considerable enfeeblement 
of the muscles of the thorax upon the corresponding side, ' 
but there is also partial loss of power in the limbs, which is 
more marked in the anterior extremity. This diminution 
in power in the thoracic muscles is such, that in ordinary 
tranquil respiration, the side corresponding to the section 
does not move ; but in difficult respiration, or in crying, the 
movements are very marked. 

Decussation of the Motor Conductors of the Cord, — ^Well- 
established anatomical and pathological facts show conclu- 
sively that there is a complete decussation of the motor con- 
ductors of the cord ; so that the stimulus of volition gen- 
erated in one lateral half of the brain always passes to the 
opposite half of the body. If a lesion occur in the brain 
upon one side, so as to produce total paralysis of motion, the 
opposite side of the body is paralyzed, while voluntary mo- 
tion is absolutely intact on the side corresponding to the 
injury. In the anterior pyramids of the medulla oblongata, 

' VuLPiAK, SytOme nerveux^ Paris, 1866, p. 87 1. 
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the decussation of the fibres is easily demonstrated ana- 
tomically. In view of these fects, concerning which there 
is no difference of opinion, it only remains to show by 
physiological experiments that decussation actually takes 
place at the medulla oblongata, and to submit to the same 
method of inquiry the following important question : Assum- 
ing that crossing of motor fibres takes place at the medulla, 
is this the sole seat of decussation of these fibres, or does it 
also exist in certain portions of the cord below ? 

The question of decussation at the medulla oblongata is 
easily answered. In the first place, we have the crossed ac- 
tion in hemiplegia and the easy anatomical demonstration 
of the decussating fibres. The experimental confirmation 
of these facts is not so simple, for the reason that animals 
sun^ive operations upon the medulla oblongata for a very 
short time. As far as can be learned, however, from the 
latter mode of inquiry, the conclusions drawn from anatomy 
and pathology are fiiUy sustained. If the medulla be ex- 
posed in a living animal, and "if a section is made longitu- 
dinally just at the place of the decussation of the anterior 
pyramids, so as to divide completely all of the decussating 
elements, we find that, although the animal lives some time 
after the operation, it has no volimtary movement at all in 
any of the limbs, which are almost always the seat of con- 
vulsions." * 

The question of decussation of motor fibres in the cord 
itself is one which can be settled only by physiological ex- 
periments, as the course of the decussating fibres, if they 
exist, cannot be demonstrated anatomically. It is remark- 
able that Galen submitted this point to experimental inves- 
tigation, by dividing the cord longitudinally in the median 
line in the lumbar region. This operation was not followed 
by loss of voluntary power in the lower extremities, show- 
ing that the motor fibres do not cross the median line, at 

* Bbown-Sequard, P.kysioloffy and Pathology of the Central Nervow System^ 
Philadelphia, I860, p. 49. 
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least in this portion of the cord.* Recent experiments upon 
the cervical portions of the cord show that there is a very 
slight decussation of motor fibres in this situation. The first 
observations pointing to this conclusion are those of Brown- 
S^quard. " There is always, even in mammals, after a trans- 
versal section of the whole or. a lateral half of the spinal cord, 
at least some appearance of voluntary movements in the side 
of the injury, and always also a diminution of voluntary move- 
ments in the opposite side ; so that, in animals, there seems 
to be in the spinal cord a decussation of a few of the volun- 
tary motor conductors. As there seems to be no such decus- 
sation in man, at least according to several pathological facts, 
we shall not insist upon its existence in animals." ' 

Van Kempen has repeated and extended the very re- 
markable experiment of Galen, with the most satisfactory 
results. This observer made a median, longitudinal section 
of the cord in dogs and rabbits, at the site of the fifth, sixth, 
and seventh cervical vertebrse. " This experiment was fol- 
lowed by partial paralysis of voluntary movements in the 
posterior extremities, so that the animal thus operated upon 
moved the posterior limbs and was able to change his posi- 
tion, without, however, being able to raise himself." * 

As there is some difference in the results of observations 
upon different animals, and as decussating motor fibres have 
never been demonstrated in man, it is impossible to apply 
the above experiments without reserve to the human sub- 
ject ; but they show, nevertheless, that, in mammals, the 
motor columns of the cord probably do not decussate in the 

' Galekus, De Anaiomicis AdminUtratUmibtUy Liber TiiL, Cap. tL — Opera 
omnia, Lipsise, 1821, tomus il., p. 688. 

These remarkable experiments must have been made in the latter half of the 
second century, as Qa,\en was bom in 131, and died about the jear 200. 

• Brown-Sequabo, Phyticlogy and Paihology of the Central Kervout Syttem, 
Philadelphia, 1860, p. 48. 

' Van Kempen, McpSrienees physioloffiques aur la transmission de la sennbUiti 
et du mouvement dant la moeUe kpinhre, — JowmoU de la physiologie^ Paris, 1 809« 
tome il, p. 528. 
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dorso-lumbar region ; that partial decussation occurs in the 
cemcal region ; and that the decussation is completed in 
the anterior pyramids of the medulla oblongata. 

Transmission of Sensory Impressions in the Cord. — 
There is very little room for discussion concerning what is 
positively known with regard to the transmission of sensory 
impressions in the cord, though there are some portions of 
its structure, the action of which in conduction is still ob- 
scure. Early in the physiological history of this portion of 
the nervous system, Loiiget made a number of experiments, 
which seemed to show that the posterior columns of the cord 
were the conductors of sensory impressions to the brain, and 
that the antero-lateral columns transmitted the motor stim- 
ulus. These have been already refeiTcd to in connection 
with the properties of the cord. They were made by apply- 
ing a stimulus directly to the cord itself. Longet discredited 
observations made by dividing different portions of the cord, 
for the reason that he supposed that the mere operation of 
exposing the cord and of removing the dura mater was 
followed by a depression of the nervous action sufficient to 
render the evidences of sensibility in the lower extremities 
scarcely appreciable.* The conclusions drawn from these 
experiments were at first accepted by nearly all physiologi- 
cal writers, and it was generally admitted that the transmis- 
sion of sensory impressions was effected solely by the pos- 
terior columns. It was found that the gray matter of the 
cord was both insensible and inexcitable, and the conduction 
was supposed to take place exclusively through the white 
substance. The views of Longet were in direct opposition 
to those of Bellingeri, who claimed, in 1 823, to have demon- 
strated by experiment, that sensory impressions were con- 
veyed to the brain exclusively by the gray substance of 
the cord, and that sensibility persisted in the lower ex- 

> LONQET, AfuUomie et phytiologU du tytthne nervrnx^ Paris, 1842, tome L, 
p. 276. 
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tromities after complete section of the posterior white col- 
umns.* 

At the time the above-mentioned experiments were 
made, our knowledge of the properties of the cord was very 
incomplete, and it was difficult to understand how any of 
its fibres could conduct sensory impressions and yet be in- 
sensible to direct stimulation ; but now we know that the 
gray matter does act as a conductor, and yet it is certainly 
insensible. The simple questions now to be determined are 
the following : 

1. Does or does not the white substance of the posterior 
columns of the cord conduct sensory impressions to the 
brain? 

2. Does the entire gray substance of the cord act as a 
conductor of sensation ? 

3. Do both the gray matter of the cord and the white 
substance of the posterior columns act as conductors, or 
does either one act to the exclusion of the other ? 

These questions may now be considered as definitively 
answered by the most positive and unmistakable results of 
experiments upon living animals, which, while they render 
the precise function of the white substance of the posterior 
columns a matter of conjecture, leave no doubt with regard 
to the parts of the cord which act as conductors of sensory 
impressions. This statement is based upon the researches 
of Brown-S^quard, whose experiments upon this subject 
have been often confirmed and never successfully contra- 
dicted. 

The experimental answer to the first question is capable 
of but one construction. If the white substance of both 
posterior columns be divided, the sensibility of the posterior 
extremities is not diminished, at least as far as can be shown 

* Belcinqeri, De Medulla Spinali NervUqw ex ea prodeuntilmSy Annotationn 
AncUomico-Pht/siolofficcey Lectce a die Qjanuarii 1822 <td ^Q-januarii 1823, p. 237 ; 
Experimenta Fhysidoffica in Medullem Spinalem hahUa^ Leda dU 13 junii 1824, 
p. 811 ; and Lomqet, op, cil.y tome iii., p. 841. 
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by experiments upon animals, in which these points are al- 
ways diflScult of determination. On the other hand, if every 
portion of the cord be divided except the posterior columns, 
sensibility is completely lost in the parts below the section. 
The accuracy of these results cannot be called in question, 
especially when controlled by experiments showing the con- 
ducting properties of the gray substance of the cord ; and 
they show that, whatever may be the functions of the poste- 
rior white columns, they do not serve as conductors of sen- 
sory impressions.* 

The second question admits of an equally positive an- 
swer from the results of experimental inquiry. If the entire 
substance of the cord, except the posterior columns of white 
matter, be divided transversely, as we have just seen, sensi- 
bility is abolished in all parts below the section ; but, as we 
have stated in treating of the transmission of motor stimu- 
lus by the cord, voluntary motion is also destroyed.' Ex- 
periments show, farthermore, that sensory impressions are 
conveyed exclusively by the gray substance. "If the ante- 
rior, the lateral, and the posterior columns of the spinal cord 

* The experiments by Brown-S^qaard, which hnve led to the above conclu- 
Bion, are of the most positive and satisfactory character {Physiology and PcUhol- 
ogy of tJte Central Nervous System^ Philadelphia, 1860, p. 19), and have been 
repeatedly confirmed by himself and other observers, among the most promi- 
nent of whom are Vulpian and Philipeaax (Vulpian, Systhne nerveux^ Paris, 
1866, p. 373).' The most important experiments in opposition are those of 
8chiff, quoted and adopted by Longet, by which Longet endeavors to prove that 
the posterior columns are conductors of the tactile sense (Longet, Traiti de 
physiologu^ Paris, 1869, tome iii., p. S68). In these experiments, the antero- 
lateral columns were divided, and the animal was afterward enfeebled by a copi- 
ous haemorrhage. Upon pinching the tail, the animal gave evidence of sensa- 
tion, but suffered no pain, even when the sciatic nerve was bruised or torn. In 
theise observations, it was not shown that the entire gray substance was divided, 
and the experiments after copious haemorrhage were certainly not made under 
strictly physiological conditions. It is well known, also, that if a small portion ' 
of gray matter be undivided, there is conduction of sensory impressions. In all 
of Brown-S^quard^s experiments, the exact limits of the sections of the cord 
were ascertained by subsequent examination of the parts hardened in alcohol. 

« See page 280. 

119 



Digitized by 



GoogI( 



288 NEBV0U8 SYSTfM. 

are divided transversely, at the dorsal region, one set at one 
place, another at a distance of one or two inches, and the 
third also at the same distance from the second, so that the 
only channel of communication between the posterior limbs 
and the sensorium is the gray matter, Qf which, however, 
several parts have, unavoidably, been divided (such as the 
anterior and the posterior gray comua, and also more or less 
of the central gray matter), we find that the posterior limbs 
are still sensitive, though evidently less than in the normal 
condition." ' 

It is impossible to divide the gray matter of the cord 
alone, without injuring, more or less, the white substance ; 
but when the gray matter is divided with very slight injury 
of the white substance, sensibility in the parts below the 
point of section is totally destroyed.* As regards the part 
of the gray substance specially concerned in the transmis- 
sion of sensory impressions, the results of experimental in- 
vestigation have not been so definite ; but Brown-Sequard 
is of the opinion that the tmnsmission takes place chiefly in 
the gray matter surrounding the central canal, while it may 
also occur to some extent in other portions.* 

The answer to the third question is deduced from the 
answers to the first two. The gray matter and the white 
substance of the cord do not participate in the transmission 
of sensory impressions, this being effected by the gray sub- 
stance, especially its central portion, to the exclusion of the 
white. 

The precise office of the posterior white columns of the 
cord is still a matter of conjecture. If these parts be insen- 
sible, except on the surface and near the posterior roots of 
the nerves, and if they take no part in the transmission of 
sensory impressions to the brain, which seems to have been 
' conclusively proven, what is their function ? 

> Brown-Sequard, Physiology and Pathology of the Central Nervcm B/ttem^ 
Philadelphia, 1860, p. 22. 

* VuLPiAN, Sysi^me nerveux, Paris, 1866, p. 874. » Op, cU,, p. 28. 
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The anatomical relations of the posterior white columns, 
the results of experiments upon living animals, and certain 
well-marked pathological phenomena, point very strongly to 
a connection between these columns and the coordination 
of muscular movements. 

Prdballe Function of the Cord in Cormection with Mm- 
euLar Codrdi/riation. — ^Anatomists have not been able to trace 
satisfactorily the direction of all of the fibres contained in the 
posterior colunms ; but it is probable that at least some of 
these fibres serve as longitudinal commissures, and connect 
together the nerve-cells, extending ipr a greater or less dis- 
tance both upward and downward in the cord. This ana- 
tomical arrangement is rendered probable chiefly by the re- 
sults of experiments. 

If the posterior columns be completely divided, by two or 
three sections made at intervals of from three-fourths of an 
inch to an inch and a quarter, the most prominent effect is 
a remarkable trouble in locomotion, consisting in a want of 
proper coordination of Movements. These important ex- 
perimental results were obtained by Vulpian.* 

In the remarkable disease known under the name of 
locomotor ataxia,* there is a very peculiar condition of the 
muscular system, in which, while the power of the muscles 
is but slightly diminished, the mdvements of progression 
show great deficiency in coordinating power, frequently at- 
tended with more or less disturbance in the sensibility of the 
parts affected. These symptoms are associated with stnic- 
tural disease of the cord, limited to the posterior columns 
and the posterior roots of the spinal nerves. 

Many years ago, before locomotor ataxia had been gener- 
ally recognized by pathologists, Todd made the following re- 
markable statement with regard to the posterior columns : 

* VuLPiAN, /Systeme nerveux^ Paris, 1866, p. 881. 

' For a description of this disease, see, Hammond, Diseases of the Nerwms 
Sydem, New York, 1871, p. 484, et seq. 
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"I hare long been impressed with the opinion, tliat the 
office of the posterior columns of the spinal cord is very dif- 
ferent from any yet assigned to them. They may be in part 
commissural between the several segments of the cord, serv- 
ing to unite them and harmonize them in their various ac- 
tions, and in part subservient to the function of the cerebel- 
lum in regulating and coordinating the movements necessary 
for perfect locomotion." * Todd further states, that this view 
is supported by the phenomena observed in cases of disease 
" distinguished by a diminution or total loss of the power of 
coordinating movements. ... In two examples of this va- 
riety of paralysis, I ventured to predict disease of the poste- 
rior colimins, the diagnosis being founded upon the views 
of their functions which I now advocate ; and this was found 
to exist on post-mortem inspection ; and in looking through 
the accounts of recorded cases in which the i)osterior col- 
umns were the seat of lesion, all seem to have commenced 
by evincing more or less disturbance of the locomotive -povr- 
ers, sensation being affected only when the morbid change 
of structure extended to and more or less involved the pos- 
terior roots of the spinal nerves." * 

It is only necessary to add that the views of Todd have 
been in the main confirmed in the numerous cases of loco- 
motor ataxia that have lately been so fully described by 
pathologists ; and, from these fects, it is more than probable 
that the posterior columns contain fibres connecting the dif- 
ferent segments of the cord, and that they play an important 
part in the coordination of muscular movements. The gen- 
eral function of coordination will be again considered in con- 
nection with the cerebellum. 

Decussation of the Sensory Conductors of the Cord. — In 
hemiplegia due to injury of the brain, the paralysis occurs 

* Todd, Ci/dopcsdia of Anatomy and Phytidogy^ London, 1889-1847, toI. iiL, 
p. 721, Q, Article, Nervow System, 

• Op. «/., p. 721, R. 
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upon tte side of the body opposite to the ceipbral lesion. 
The phenomena ordinarily observed are simply paralysis of 
motion ; bnt in those cases in which both motion and sensa- 
tion are abolished upon one side of the body, the lesion in 
the brain is found to be upon the opposite side. It is evi- 
dent, therefore, that there is a decussation of the conductors 
of sensory impressions as wgll as of the conductor of the mo- 
tor stimulus. 

As early as 1822, Fod^ra made a longitudinal section of 
the spinal cord in the lumbar region, exactly in the median 
line. In this experiment, " sensation was destroyed, and in 
part motion upon the two sides." * Inasmuch as in this sec- 
tion it is only possible to divide the fibres passing from one 
lateral half of the cord to the other, it is evident that the 
sensory conductors must decussate in the spinal cord itself. 
As far as we know, this is the first experiment pointing to 
the decussation of sensory fibres in the cord, the observations 
of Galen, to which we have abeady referred, being limited 
to the phenomena of motion.* 

The next experiments bearing upon the decussation of 
the sensory conductors in the cord are those of Van Deen. 
Among the numerous observations made upon the spinal 
cord by this physiologist, are one or two in which he noted 
the fact that, after section of one lateral half of the cord in 
the frog, at the site to the third dorsal vertebra, " the animal 
had no real loss of sensibility in the posterior extremity on 
the side on which the half of the spinal cord had been cut." " 
Although Van Deen did not distinctly state, as a conclusion 
drawn from these observations, that there is decussation of 
the sensory conductors in the cord, the fact of section of one 
lateral half of the cord with no loss of sensation on the cor- 

' FoDERA, Recherches experitnefUaUi sur U systkme nerveuXy presentees d 
VAcademie dea sciences^ leZl decembre^ 1822. — Journal de physixiiogiey Paris, 1828, 
tome ill, p. 199. 

» See page 284. 

' Van Diek, TraUh e( dScoitvertes sur la physiologie de la mdeUe epinh^ 
Leide, 1841, pp. 65, 92. 
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responding f^de of the body remains as one of the first ex- 
perimental argmnents in favor of the crossed action. 

Experiments upon living animals as well as pathological 
facts show that, after section or injury confined to one lateral 
half of the cord, the general sensibility upon the correspond- 
ing side of the body is very much exaggerated, producing a 
condition of well-marked hyperesthesia. This remarkable 
fact was distinctly noted by Fod^ra, in 1822: "Having di- 
vided, in a Guinea-pig, the right. superior column of the cord 
in the middle of the dorsal region, the sensibility of the flank 
and of the posterior extremity of the same side was more 
exquisite than in every other part of the body, and it seemed 
that the movements of the same extremity possessed greater 
energy." * This observation was confirmed, and the experi- 
ments were very much extended, by Brown-S6quard.' Cases 
presenting the same phenomena have also been observed in 
the human subject, when one side of the cord has been in- 
vaded by disease." 

Physiologists are at a loss to explain the hypersesthesia 
which follows section of the sensory conductors of the cord, 
but the fact nevertheless remains. The exaggeration of sen- 
sibility is not due to section of certain fibres, which might 
be supposed to increase the impressibility of the remaining 
fibres, for, as was shown by Vulpian, it is suflicient to prick 
with a pin one of the lateral halves of the cord to observe 
these remarkable phenomena.* With these few words, we 
will leave the subject of hyperesthesia from injury to the 
cord, and pass to the crossed action of its sensory con- 
ductors.* 

* Fod£ra, Journal de physiologie^ Paris, 1823, tome iii., p. 200. 

* Brown-Sequard, ExperimentalRe9earch€8 applied to Physiology and Pathol- 
W» New York, 1853, p. 64, et at, 

' Brown-S£quard, Rechercha tur la trantmUawn des impressions de tacly de 
chatouUlement, de douleur, de temperature et de contraction {sens musculaire) dans 
U moelle ^inkre. — Journal de la physiologie, Paris, 1863, tome vL, p. 645. 

* Vulpian, Systhne nerveux^ Paris, 1866, p. 888. 

' For further experiments showing the effects of transTeme section of tho 
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In treating of the cord as a conductor of sensory impres- 
sions, we have abcady shown that this function is performed 
by the gray substance alone. "We have also seen, in connec- 
tion with the phenomena of conduction of the motor stimu- 
lus, that this is effected by the antero-lateral columns, which 
do not act as sensory conductors, except by virtue of their 
gray matter. As it is impossible to divide the gray matter 
with certainty without injuring the white substance, and as 
we are fully acquainted with the motor properties of the 
cord, we are prepared. to comprehend the effects upon con- 
duction of sensory impressions which follow division of one 
or the other lateral half. In our detail of experiments, we 
will not consider the phenomena of hypersesthesia, but con- 
fine ourselves to the loss or diminution of sensibility. 

Brown-S6quard was the first to demonstrate decussation 
of the sensory conductors in the cord itself; and, although 
his experiments upon this subject are almost innumerable, 
and his writings, scattered, voluminous, and sometimes not 
free from the obscurity due to unnecessary refinement and 
elaborateness of detail, the main facts can be expressed in 
a very few words ; and he may justly be said to have created 
the physiology of the sensory conductors. 

Brown-S6quard repeated the experiments of Galen and 
of Fod^ra, dividing the cord longitudinally in the median 
line, producing complete paralysis of sensation on both sides 
in all the parts below the section. By this operation, if the 
section had been made accurately in the median line, the 
only fibres that could be divided were those passing from 
one side of the cord to the other. 

The second experimental proof of the decussation of sen- 
sory fibres consists in transverse section of one or the other 
of the lateral halves of the cord. If one lateral half of the 
cord be divided, sensibility is abolished in the parts below 

cord in its posterior portion, see, Bbown-S£quabd, KauvelUs recherchet tur la 
phynoloffie de la modU Spinhe, — Journal de la phytiologie^ Paris, 1858, tome L, 
p. 139. 
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the section upon the opposite side of the body. In an article 
published in 1858, Brown-S^quard details very succinctly an 
experiment showing this fact, though his first experiments 
were made in 1849.* He denuded the cord in the lumbar 
region in a vigorous dog, and made sections upon one side, 
progressively deeper and deeper, from without inward. 
When the section included about one-third of the lateral 
half, the sensibility seemed slightly augmented upon the 
opposite side. This section involved only a part of the lat- 
eral white column and a small portion of the anterior comu 
of gray matter. When the section was extended so as to 
involve about two-thirds of the lateral half, the sensibility 
was notably diminished upon the opposite side. When the 
section extended to the median line, the sensibility was very 
much diminished ; and when it extended just beyond the 
median line, it was entirely abolished upon the opposite 
side.' These observations, and others of the same nature, 
show conclusively that in the animals experimented upon, 
at least, there is a decussation of the greatest part of the 
sensory conductors in the cord itself. 

The course of the fibres in their decussation is indicated 
by further experiments, which show that the sensitive fibres 
from the posterior roots of the nerves " pass along the poste- 
rior columns only a little way, and leave them to enter the 
central gray matter." ' It is undoubtedly in this gray sub- 
stance that they pass from one side to the other, probably 
tlirough the cell-prolongations. The fact that the fibres pass 
in the cord a short distance before they decussate, and that 
they pass downward as well as upward, is well shown by the 
following experiment : 

" If we divide transversely a lateral half of the spinal 

* See list of works, in the Journal de la ph^siclogie^ Paris, 1862, tome v., 
p. 646, No. 44. 

' Brown-Skquard, Nbuvelles recherches sur la phynoloffie de la moelle SpifUre, 
— Journal de la phyMogiey Paris, 1858, tome i., p. 139, ei eeq. 

' Brown-Skquabd, Physiology and Pathology of the Central Nervoua Sytten^ 
Philadelphia, 1860, p. 25. 
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cord in two pLaces, so as to have three pairs of nerves be- 
tween the two sections, we find that the middle pair has 
almost the same degree of sensibility as if nothing had been 
done to the spinal cord, while the two other pairs have a 
diminished sensibility, the npper one particularly in its upper 
roots, and the lower one in its lower roots ; which facts seem 
to show that the ascending fibres of the upper pair, and the 
descending fibres of the lower one, have been divided before 
they had made their decussation. 

If there is only one pair of nerves between two sections, 
its sensibility is almost entirely lost, as then the transversal 
fibres are almost alone uninjured (most of the ascending and 
descending being divided), which fibres are employed for 
reflex action, and hardly for the transmission of sensitive 
impressions." * 

The experimental facts just cited conclusively show de- 
cussation of sensory conductors in the cord in the animals 
operated upon, and this has been sufficiently confirmed by 
other experimenters to render the fact certain. It is possi- 
ble that the decussation may not be so complete in some 
other classes of animals, which would account for the results 
obtained by those who have denied decussation ; but cases 
of disease of the cord in the human subject all go to show 
that the crossed action is complete in man. 

Summary of the Action of the Spinal Cord as a Conductor. 

The antero-lateral columns of the cord, comprising that 
portion included between the anterior median fissure and the 
origin of the posterior roofs of the nerves, are insensible to 
direct irritation, and serve as conductors of the motor stimu- 
lus fi-om the brain to the anterior roots of the nerves. K 
these columns be divided, voluntary motion is lost in all 
parts below the section, if the rest of the cord be divided, 
leaving the antero-lateral columns intact, the power of volun- 

1 BROWN-SiQUABD, Central Nervous System^ Philadelphia, 1860, p. 86. 
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tary motion remains. Throughout the greater part of the 
cord, this action is direct, and division of the antero-lateral 
columns on one side produces paralysis of motion on the cor- 
responding side of the body. There is a decussation of the 
motor fibres at the medulla oblongata, and a partial decussa- 
tion in the cord itself in the upper cervical region. In the 
dorsal region and below, the motor conducting fibres are 
situated chiefly in the anterior columns ; but in the cervical 
region, these fibres pass to the sides and are contained chiefly 
in the lateral columns. The conduction of motor stimulus 
is probably not effected exclusively by the white substance, 
but is transmitted in part by the gray matter. 

The gray substance of the cord serves as the medium of 
transmission of sensory impressions to the brain. This is 
effected chiefly by the gray matter surrounding the central 
canal, but it may take place to some extent in other portions. 
If the entire gray matter be divided, with but slight injury 
to the white substance, sensation is lost in all parts situated 
below the section. The white substance does not conduct 
sensory impressions to the brain, either in the antero-lateral 
or the posterior columns. The most probable function of 
the white substance of the posterior columns is to unite 
the different segments of the cord together by longitu- 
dinal commissural fibres ; and this portion of the cord has 
an important influence in coordinating the muscular move- 
ments. 

The sensitive nerve-fibres from the posterior roots of the 
spinal nerves pass in the cord for a short distance upward 
and downward. They then penetrate the gray matter, and 
decussate throughout the entire length of the cord. Divis- 
ion of one lateral half of the cord is followed by complete 
paralysis of motion on the corresponding side of the body in 
all parts below the section ; anaesthesia in all parts below the 
section, on the opposite side of the body ; and hypenesthesia 
in the parts below the section, upon the corresponding side 
of the body. 
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The anatomical points bearing upon the physiological 
action of the cord are the following : 

The fibres from the anterior roots penetrate the anterior 
gray comua directly and are in immediate connection with 
the prolongations of the motor cells. The motor cells also 
have prolongations which pass to the brain in the white snb- 
Btance. The motor fibres are thus directly connected with 
the cellular elements of the cord, the elements probably con- 
cerned in reflex movements, and the cells are in connection 
with conducting fibres to the brain. 

The fibres from the posterior roots take several directions. 
Some of them pass to the gray substance. A portion passes 
to the posterior columns, some extending upward and others 
downward. The decussation, which is rendered certain by 
physiological experiments, has not been satisfactorily fol- 
lowed by anatomists. It undoubtedly takes place in the gray 
substance, probably in part by a crossing of the fibres them- 
selves, and in part by a crossing of prolongations from the 
cells with which certain fibres from the posterior roots are 
connected. 
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CHAPTER XL 

ACTION OF THE SPINAL CORD AS A NERVE-CENTRE. 

lloYements in decapitated animals — ^Definition and applications of the term 
** reflex " — Reflex action of the spmal cord — History of the discovery of 
so-called reflex action — Question of sensation and volition in frogs after 
decapitation — Character of movements following irritation of the surface 
in decapitated animals — Dispersion of impressions in the cord — Conditions 
essential to the manifestation of reflex phenomena — ^Exaggeration of reflex 
excitability by decapitation, poisoning with strychnine, etc. — Reflex phe- 
nomena observed in the human subject. 

It has long been known that decapitation of animals does 
not immediately arrest muscular action ; and the movements 
observed after this mutilation present a certain degree ot 
regularity, and, of late years, have been shown to be in ac- 
cordance with well-defined laws. Under these conditions, 
the regulation of such movements is effected through the 
spinal cord and the nerves connected with it. If an animal be 
decapitated, leaving only the cord and its nerves, there is no 
sensation, for the parts capable of appreciating sensation are 
absent ; nor are there any true voluntary movements, as the 
organ of the will is destroyed. Still, in decapitated animals, 
the sensory nerves are for a time capable of conducting im- 
pressions, and the motor nerves can transmit a stimulus to 
the muscles ; but the only part capable of receiving an im- 
pression or of generating a motor stimulus is the gray matter 
of the cord. If, in addition to the removal of all of the en- 
cephalic gangha, the cord itself be destroyed, all movements 
of voluntary muscles are abolished, except as they may be 



Digitized by 



GoogI( 



THE BPmAL COED AS A NERVE-CENTRE. 299 

produced by direct stimulation of the muscular tissue or of 
individual motor nerves. 

We must regard the gray matter of the brain and spinal 
cord as a connected chain of ganglia, capable of receiving 
impressions through the sensory nerves, and of generating 
the so-called nerve-force. The great cerebro-spinal axis, 
taken as a whole, has this general function ; but some parts . 
have separate and distinct properties, and can act indepen- 
dently of the others. The cord, regarded as a conductor, 
connects the brain with the parts to which the spinal nerves 
are distributed. If the cord be separated from the brain in 
a living animal, it may act as a centre, independently of the 
brain ; but the encephalon has no communication with the 
parts supplied with nerves from the cord, and can only act 
upon the parts which receive nerves from the brain itself. 

It has been pretty clearly shown that when the cord is 
separated from the encephalon, an impression made upon 
the general sensory nerves is conveyed to its gray substance, 
and is transformed, as it were, into a stimulus, which is 
transmitted to the voluntary muscles, giving rise to certain 
movements, independently of sensation and volition. This 
impression is said to be reflected back from the cord through 
the motor nerves ; and the movements occurring under these 
conditions are called reflex. As they are movements excited 
by stimulation of sensory nerves, they are sometimes called 
excito-motor. 

The term reflex may properly be applied to any genera 
tion of nerve-force which occurs as a consequence of an im- 
pression received by a nerve-centre ; and reflex phenomena 
are by no means conflned to the action of the spinal cord. 
The movements of the iris are reflex, and yet they take place 
in many instances without the intervention of the cord. 
The movements of respiration are reflex, and these are pre- 
sided over by the medulla oblongata. Movements of the 
intestines and the involuntary muscles generally are reflex, 
and they involve the action of the sympathetic system of 
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nerves. Impressions made upon the nerves of special sense, 
as those of smell, sight, hearing, etc., give rise to certain 
trains of thought. These involve the action of the brain ; 
still they are reflex. In this last example of reflex action, it 
is sometimes difficult to connect the operations of the mind 
with external impressions as an exciting cause; but it is 
evident, from a little reflection, that this is often the case. 
This fact is illustrated by operations of the brain which take 
place, as it were, without consciousness, as in dreams. It 
has been clearly shown that a particular direction may be 
given to the thoughts during sleep, by impressions made 
upon the sense of hearing. A person sleeping may be made 
to dream of certain things, as a consequence of hearing pe- 
culiar noises. Examples of this kind of mental reflex action 
are sufficiently numerous and well authenticated.* 

From the above considerations, it is evident that the 
term reflex may be properly used in connection with many 
phenomena involving the action of the sympathetic system 
and of the brain ; but it is generally understood as applying 
especially to involuntary movements, occurring without con- 
sciousness, as the result of impressions made upon the affe- 
rent nerves, and involving the independent action of the 
spinal cord. 

Reflex Action of the Spinal Cord.— In 1832 and 1833, 
Marshall Hall described minutely the movements which take 
place in decapitated animals as a consequence of stimulation 
of the sensory nerves, and formularized these phenomena 
under the head of " the reflex function of the medulla ob- 
longata and medulla spinalis." * Since this publication, a 
new interest has been attached to the writings of some of 
the older physiologists, in which reflex action, as it is now 

^ For numerous iDStances of peculiar dreams referable to external impres- 
sions received during sleep, see, Hammond, Sleep and its Derangements^ Philadel- 
phia, 1869, p. 127, et seg. 

* Marshall Hall, On the Reflex IkmcUo^i of the Medulla Oblongata and iff 
duUa Spinalis, London, 1833. 
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undei'stood, had been mentioned more or less definitely. In 
the history of impoii;ant advances in physiological knowl- 
edge, it has often been the case that discoveries have been 
foreshadowed by the earlier WTiters ; and bibliographical re- 
search shows that the literature of the cord as a nerve-centre 
forms no exception to this, which is almost the rule. Some 
of the allusions to the cord as a centre of reflex action, 
made anterior to 1833, are vague and indefinite ; but, on 
the other hand, certain excito-motor actions were very ac- 
curately described, as early as 1812. Marshall Hall grouped 
and classified these phenomena, and showed their relations 
to the cord as an independent centre ; but, as we shall see, 
he has no claim to the title of the discoverer of reflex action, 
and his experiments presented little that was really new. 

Whytt, in his work on the " Vital and other Involuntary 
Motions," states that the involuntary and mixed motions 
proceed from a stimulus, the latter being partly, and the 
former not at all, under the power of the will ; * and, by a 
stimulus, he means an impression made upon the sensory 
nerves. 

Prochaska, who wrote between 1778 and 1797, states that 
the sensorium commune extends to the medulla spinalis, and 
that this " is manifest from the motions exhibited by decapi- 
tated animals, which cannot take place without the consen- 
tience and intervention of the nerves arising from the me- 
dulla spinalis ; for the decapitated frog, if pricked, not only 
withdraws the punctured part, but also creeps and leaps, 
which cannot be done without the consensus of the sensorial 
and motor nerves, the seat of which consensus must neces- 
sarily be in the medulla spinalis — the remaining portion of 
the sensorium commune." * He calls this " reflexion," and 
speaks of it as taking place without consciousness, describing 
many phenomena now familiarly known as reflex. 

» Whytt, Works, Edinburgh, 1768, p. 170. 

• Pbochaska^ a IHsaeriation on Oie Functions of the Nervous System, Syden- 
ham Society, London, 1861, p. 480. 
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Legallois published, in 1812, a remarkable memoir on 
the principle of life. In this work, he details numerous ex- 
periments, many of them on the nervous system, and of 
gi'eat interest in connection with the present question. In 
the rabbit, after division of the cord in the lumbar region, 
Legallois showed that " sensation and voluntary motion con- 
tinued to take place, even in the posterior extremities. But 
there is no longer any connection in sensation or movement 
between the anterior parts ^nd the parts posterior to the 
section of the cord ; that is to say that, if the tail or, in- 
deed, one of the hind-feet be pinched, the entire posterior 
parts are agitated, but the anterior parts seem to feel noth- 
ing, and do not move." * 

Passing over a few confirmatory observations by other 
experimenters, we come to those of Fod^ra, in 1822. Fod6ra 
states that " in wounds of the spinal jcord, the animal sufiers 
pain and convulsions ; if it be divided transversely, there is 
paralysis of the posterior parts, with loss of sensation and 
motion. But irritation applied below the section produces 
agitation of the muscles to which the nerves derived from it 
are distributed. The animal does not suffer pain, for it 
has no consciousness of what takes place in these parts." * 
Again, Fod^ra says: "With regard to the spinal cord, com- 
plete transverse section in birds does not in general en- 
tirely paralyze the posterior extremities ; if we pinch the 
foot, they withdraw it, although they suffer no pain from it ; 
but if the spinal cord be entirely destroyed in the interior 
of the vertebral canal, the paralysis is perfect." ' At about 
the same time. Mayo described, even more definitely than 
his predecessors, the reflex function of the cord, in the foU 
lowing words : 

' Legallois, Experience tur Uprindpe de la vie. — (Euvres, Paris, 1824, p. 80. 

* FoD^RA, Recherche$ expertmeniales sur le eyttime nerveuxy JPrSsenteeM d 
r Academic des iciences fo 81 dicembre^ 1822. — Journal de la phyeiologie^ PariSj 
1823, tome iii., p. 196. 

» Op, cU,, p. 214. 
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" On the one hand, it is clear that an influence, inde- 
pendent of the will, occasionally throws voluntary muscles 
into action, as appears in tetanus and other spasmodic dis- 
orders ; and is shown remarkably in the physiological ex- 
periment of irritating the skin on the lower extremities, after 
the division of the spinal cord in the back, when the occur- 
rence of action limited to the muscles of the inferior extremi- 
ties, evinces that a connection exists, independently of the 
will, between sentient surfaces and the action of voluntary 
muscles. I have varied this experiment by dividing the 
spinal cord at once in the neck and in the back, upon which 
three unconnected nervous centres exist ; and the division 
of the skin of either part (and especially at the soles of the 
feet, in the two hinder portions) produces a convulsive action 
of the muscles of that part alone. The same influence may, 
then, possibly regulate the unconscious actions to which 
these remarks relate." * 

The experiments of Marshall Hall, published in 1832 
and 1833, are familiar to every physiologist, as supplying 
nearly all of the o;nissions of the observers just cited. The 
points which he assumed to have experimentally demon- 
strated by his researches are as follows : A decapitated ani- 
mal, the only part of the cerebro-spinal axis which remains 
being the spinal cord, will make no movements, if complete- 
ly protected from all external impressions. . An impression 
made upon the sensory nerves of a decapitated animal is 
reflected by the cord, through the motor nerves, to the mus- 
cles, and gives rise to reflex movements. If the cord be 
destroyed, no movements follow stimulation of the surface. 
If the centripetal and the centrifugal nerves be divided, no 
reflex movements cdn take place. Experiments upon de- 
capitated animals accord with the results of observations 
upon acephalous foetuses, and in cases of complete paraplegia 
from injury to the cord. All of the involuntary movements 

' Mato, Anatomical and Physiological CommentarieSy Namber II., July, 1828, 
London, 1823, p. lY. 
120 
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observed in the healthy body are explained by the theory of 
reflex action.* These observations of Marshall Hall were, in 
the main, confirmed by Miiller, the year succeeding their 
first publication ; * and, by some writers, the credit of the 
discovery of the mechanism of refiex action is given to both 
Miiller and Marshall Hall. 

From the point of view which the present condition of 
science enables us to take with regard to the reflex action 
of the cord, we have to determine the accuracy of the obser- 
vations of Marshall Hall, and to follow out the advances 
that have been made by more recent observers. It is impor- 
tant, as the first step in our inquiry, to ascertain the exact 
condition of decapitated animals as regards their capacity 
for muscular movements ; and upon this point there is some 
difference of opinion. Marshall Hall thought that an ani- 
mal, a frog, for example, after decapitation, was incapable 
of any voluntary movement, or of any movement which did 
not have, for its exciting cause, an external impression. We 
take the example of frogs, because these are the animals 
most commonly used by experimenters. . 

All who have experimented upon frogs have seen them 
jump about vigorously after decapitation ; and the question 
whether these be spontaneous movements, so called, or an 
excito-motor action, is more difficult to determine than 
would at first sight appear. It would be unphilosophic to 
assume that because the animal has been decapitated, the 
movements are due to external impressions only, if we use 
this as evidence against the possibility of spontaneous 
movements under these conditions. The obvious necessity 
of the argument is to remove all possibility of external im- 
pressions, or of irritation of the cord itself. Upon this 

* Marshall Hall, Refiex Function of the Medulla Oblongata and Medulla 
Spinalis, London, 1833 ; and, Memoirs on the Nervous System, London, 1837. 
Marshall Hall states that his first publication appeared in the Proceedings of 
the Zoological Society, in 1812. 

^ MihA.KR, Elements (>^PA^9to%y, translated bj Baly, London, 1840, pp. 761, 
799.* The first edition of Miiller^s work was published in Berlin, in 18S3. 
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point we can only speak positively from our own experiments. 
If a frog be decapitated, so as to leave only the spinal cord 
intact, if we wait for from one to three minutes until the 
effects of the shock and local irritation have subsided, if we 
then, when the animal has become perfectly quiet, cover it 
with a bell-glass, and finally, if we remove all possibility of 
jarring the table on which the animal is placed, there is no 
movement of muscles. In making an experiment of this 
kind, we occasionally see movements which are due to a 
very feeble impression, such as a breath of air, or a jar from 
the street, but which is perfectly evident to the observer ; 
and, when a movement is once made, this gives rise to an- 
other impression, and thus, successive actions of the muscles 
may take place. The movements in jumping are so simple 
that they seem, sometimes, under these conditions, to be vol- 
untary. The effect of feeble excitations is also very marked 
in animals poisoned with strychnine ; but, even here, we do 
not have movements, unless an impression be first made 
upon the sensory nerves. When we come to experiments 
upon the mammalia, there can hardly be any question of this 
kind ; for here, as the rule, no movements are observed after 
the encephalic ganglia have been removed, unless the sen- 
sory nerves be pretty strongly stimulated. Analogous phe- 
nomena are observed in the lower extremities, in cases of 
paraplegia in the human subject. 

The next important question to determine is with regard 
to the nature of movements excited by external stimulation 
in decapitated animals, especially frogs ; for some of these 
movements are so regular as to appear to be connected with 
sensation and volition. Tlie experiments of Pfliiger upon 
this point are very remarkable. These have been repeatedly 
confirmed, and there can be no doubt with regard to their 
accuracy. Pfliiger carefully removed from a frog the entire 
encephalon, leaving only the spinal cord. He then touched 
the surface of the thigh over the inner condyle with acetic 
acid, to the irritation of which frogs are peculiarly sensitive. 
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The animal thereupon rubbed the irritated surface with the 
foot of the same side, apparently appreciating the locality of 
the irritation, and endeavoring, by a voluntary effort, to re- 
move it. The foot of this side was then amputated, and 
the irritatiou was renewed in the same place. The animal 
made an ineffectual effort to reach the spot with the ampu- 
tated member, and, failing in this, after some general move- 
ments of the limbs, rubbed the spot with the foot of the 
opposite side/ Although this experiment does not always 
progress precisely in the manner described, it has succeeded 
perfectly in so many instances as to lead some physiologists 
to conclude that sensation and volition are not entirely abol- 
ished by removal of the encephalon, at least in fi'ogs.* 

The remarkable phenomena just detailed are to be re- 
garded from two points of view : first, with reference to 
their bearing upon the question of the existence of percep- 
tion and volition in the spinal cord of the frog ; and second, 
the question of the application of these phenomena to the 
physiology of the cord in man and the higher classes of ani- 
mals. The conditions of the experiment in the frog are sim- 
ply these : Instead of exposing the surface to a single and 
instantaneous stimulation, the excito-motor effects of which 
are observed as a direct response to the irritation, and im- 
mediately cease, we have, by the application of acetic acid 
to the surface, a prolonged impression upon the sensory 
nerves, which, by virtue of the anatomical connections be- 
tween the different parts of the cord, is probably dispersed 
throughout the entire spinal axis. That powerful impres- 

^ PflDokr, IHe tentorischfti Functionen des Ruckenmarks der Wirbdthiere, 
Berlin, 1868, S. 124, ei seq, 

* Observations of very much the same character as those of Pfluger were 
published by Paton, in 1858. He refers to experiments showing the perceptive 
power of the cord, by Dr. Dowler, of New Orleans, but does not allude to the 
experiments of Pfliiger. (Paton, On the Perceptive Power of the Sphial Cord 
as manifetted by Experiments on Cold-blooded Animals. — North American Medico- 
Chirurffical Review^ Philadelphia, 1858, vol. ii., pp. 467, 703). These obser- 
rations have been repeatedly confirmed by other physiologists. 
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Bions may be thus dispersed, there can be no doubt, as we 
shall see farther on. The phenomena nnder consideration 
certainly point to an appreciation by the cord of the locality 
of a powerful impression, and this conld be manifested in an 
animal only by an apparent musctdar effort to reach the irri- 
tated spot ; but we can hardly reason from this fact, that in 
man and the higher animals, the spinal cord shares with the 
brain the power of appreciating what we know as sensation 
and of generating the stimulus of true voluntary movement. 
If a sudden and very powerful painful impression be made 
upon the surface in man under normal conditions, the hand 
may be instantly applied to the affected part, apparently be- 
fore we really appreciate the pain or have time to make a 
distinct effort of the will ; but the connections between the 
different parts of the cerebro-spinal axis do not permit us to 
isolate the action of the cord. Certain it is that, in the higher 
animals, after removal of the encephalon, and in experiments 
upon decapitated criminals and patients suffering from para- 
plegia, there is no evidence of true sensation or volition in 
the spinal cord ; and in man and the higher animals, we 
must regard all muscular movements which depend solely 
upon the action of the cord as a nerve-centre as automatic 
and entirely independent of consciousness and of the will. 

It is easy to determine, by experiments to which we have 
already incidentally alluded, that the muscular movements 
dependent upon nervous action, occurring in decapitated 
animals, are due to the action of the spinal cord as a nerve- 
centre. In an animal in which the reflex phenomena are 
very marked, as they are after decapitation, especially if the 
animal be poisoned with strychnine or opium, all movements 
cease immediately when the cord is destroyed. That the 
gray matter of the cord is the part concerned as a. centre in 
the production of these phenomena, is probable, in view of 
what we know with regard to the general functions and 
properties of this substance ; and experiments have shown 
that this is the fact. If, in a decapitated frog, we make a 
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longitudinal section of the cord in the median line, leaving 
only a slight communication between the two sides, we ma\ 
sometimes succeed, by strongly irritating the skin of one leg. 
in producing reflex movements, not only in the same leg, 
but in the leg of the opposite side ; and it is reasonable to 
suppose that the irritation is propagated from one side to 
the other through the cells of the gray matter.* 

The conditions essential to the manifestations of reflex 
phenomena depending upon the action of the cord are very 
simple and easily understood. 

In the first place, it is necessary that one or more of the 
posterior roots of the spinal nerves should be in communica- 
tion with the cord, in order to conduct the impression to this 
nerve-centre. K all of the posterior roots be divided, there 
is no nervous communication between the periphery and the 
centre, and no movements follow irritation of the surface. 
When the excitability of the cord is exaggerated, as in poi- 
soning by strychnine, a single posterior root is suflScient to 
conduct an impression to the cord, which will give rise to 
violent contractions of all the muscles.* This is due to a dis- 
persion of the impression, under these conditions of increased 
excitability, from the single point of entrance of the poste- 
rior root, throughout the cord. In animals that have been 
simply decapitated, a similar dispersion of impressions may 
also take place. If a comparatively feeble single impression 
be made upon any part of the general surface, as the rule, 
the subjacent muscles only are the seat pf contraction ; but 
if the impression be more powerful, or if it be prolonged, as 
when we apply a drop of acetic acid to any part of the skin 
of a frog, this impression may be diffused throughout the 
cord, producing contractions of the general muscular system. 
We have already shown, in treating of the general proj)erties 
of the sensory nerves, that an impression made at any point 
in the course of a nerve is conducted to the centre. Reflex 

* LoNOET, Traits de phydoiogie^ Paris, 1869, tome iii., p. 260. 

* Bernard, SyMtkme nerveux, Paris, 1858, tome I, p. 342. 
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moYements may, consequently, be produced by stimulating 
the sensory nerves in their course, or by irritating the poste- 
rior roots of the spinal nerves. 

We have already stated that the cord must retain its 
anatomical integrity, in order to receive an impression made 
upon the centripetal nerves, and transform it, as it were, into 
a stimulus, which is reflected back by the motor nerves and 
produces muscular contraction. It is also evident that the 
motor nerves must retain their connection with the cord, 
and be in a condition to conduct the stimulus reflected by 
the cord to the muscles. 

The reflex excitability of the spinal cord is increased to 
a marked degree by separating this portion of the cerebro- 
spinal axis from the encephalon, and the same is true for the 
lower portion of the cord, when a section is made in the dor- 
sal or the lumbar region. It is difficult to find an entirely 
satisfactory explanation of this fact ; and the phenomena ob- 
served under these conditions are, in this regard, like the 
exaggerated sensibility of portions of the general surface 
after section of certain columns of the cord. Setschenow 
proposed, some years ago, the theory that the reflex excita- 
bility of the cord under natural conditions was subject to a 
moderating, or an inhibitory influence from the encepha- 
lon ; and that this influence being absent in decapitated ani- 
mals, the excitability of the cord, under these conditions, 
seemed to be exaggerated.* Wliether this explanation be 
accepted or not, the fact remains, that reflex phenomena 
are more easily excited and are more marked in animals 
after decapitation, than in the same animals, when the con- 
nections between the cord and brain have not been de- 
stroyed. In addition, Vulpian has shown that the excita- 
bility is intense in proportion as the part of the cord con- 

* Setschenow, Phytioiogiaehs StudUn iiber die ffemmunfftmeehanismen fiir 
dU ReflexthMigkeii des Ruckenmarki im Gehirne de» Frosches, Berlin, 1863 ; afid, 
SnscHSiiow UND Pasohutik, Neue Venuche am Sim und Rikkenmark^ Berlin, 
1865. 
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cemed in the reflex phenomena is restricted; and, after 
section of the cord itself, the most powerful and easily-ex 
' cited movements are produced when the division has been 
made low down in the lumbar region. lie hns also shown 
that simple puncture of the cord produces an exaggeration 
of the reflex excitability, as well as hypersesthesia.^ 

In experiments upon animals, the reflex phenomena are 
greatly exaggerated in intensity in the tetanic conditioii pro- 
duced by poisoning by opium or strychnine. Take, for 
example, a frog decapitated and poisoned with strychnine. 
Ko reflex movements occur unless an impression be made 
upon the sensory nerves; but the faintest irritation, such as 
a breath of air or a slight jar, throws the entire muscular 
system into a condition of violent tetanic spasm. The sapie 
phenomena are observed in cases of poisoning by strychnine, 
or of tetanus, in the human subject. This feet is important 
in its relations to the treatment of these conditions ; for it 
is e\4dent that, in such cases, the exhaustion due to the vio- 
lent spasms may be moderated by carefully avoiding all un- 
necessary irritation of the surface. 

It was shown a number of years ago, by Longet, that the 
inhalation of anaesthetic agents may abolish all of the ordi- 
nary reflex phenomena.' Whether this be due to an action 
upon the cord itself or to a paralysis of the sensory nerves, 
it is diflScult to determine. Ordinarily, in animals rendered 
insensible by aneesthetics, the reflex act of respiration con- 
tinues ; but this may also be arrested, as has been observed 
by all who have experimented with anjesthetics, especially 
with chloroform. A common way of determining that an 
animal is completely under the influence of ether is by an 
absence of the reflex act of closing the eyelids when the 
cornea is touched. 

It now only remains to show that tlie phenomena of re- 
flex action observed in experiments upon the inferior ani- 

* VuLPiAN, Systkne nerveux, Paris, 1866, pp. 441, 442. 

' Longet, TraiU de physiohgie^ Paris, 1869, tome iii., p. 256. 
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malfl, especially frogs, are applicable to the human subject, 
and to indicate the muscular actions which depend upon the 
cord as a nerve-centre. 

It is only necessary, after what has gone before, to indi- 
cate in a general way the phenomena observed in the human 
subject which illustrate the reflex action of the cord. It is a 
common observation, in cases of paraplegia in which the 
lower portion of the cord is intact, that movements of the 
limbs follow titillation of the soles of the feet, these move- 
ments taking place independently of the consciousness or the 
will of the subject experimented upon. Acephalous foetuses 
will present reflex movements, movements of respiration, 
and will even suck when the finger is introduced into the 
mouth. Observations of this kind are so numerous and fa- 
miliar, that they need not be cited in detail. Experiments 
have also been made upon criminals after decapitation ; and 
although the reflex phenomena are not so well marked and 
cannot be excited so long after death as in cold-blooded ani- 
mals, they are sufliciently distinct. In 1869, quite an elab- 
orate series of investigations of this kind was made by Ko- 
bin.* 

It is diflScult, in studying, in the human subject, the ordi- 
nary phenomena of movements in the voluntary muscular 
system, to isolate the reflex phenomena from those acts in- 
volving sensation and volition. In many persons, titillation 
of the soles of the feet produces violent contractions of 
muscles, which cannot be arrested by an effort of the will, 
and this may even be followed by general convulsions. 
"When we unexpectedly touch an irritating surface with the 
hand, the muscles of the arm act so quickly, that we may 
suppose that this takes place before we really appreciate the 
painful sensation ; and, if the impression be very sevete, we 
may have movements more or less general. Operating upon 
highly-sensitive parts, it is frequently impossible to arrest re- 

' Robin, ObsenxUiona anaiomiquea et phynoloffiqites faitea ntr des auppli' 
cU$ par decollation, — Journal de Vanaiomie^ Paris, 1869, tome vi., p. 69, et teq. 
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flex movements, as the closing of the eyelids when the cor 
nea is touched. True reflex movements may be produced 
by carefully-executed experiments upon persons asleep. 
We cannot arrest the act of vomiting induced by titillation 
of the fauces ; and other instances of this kind might be 
•cited. 

Most of the true involuntary movements are reflex ; but 
these have been or will be considered under their proper 
heads. The movements of deglutition depend upon an im- 
pression made upon the mucous membrane of the pharynx, 
etc. The movements of respiration are excited by an impres- 
sion made upon the general sensory nerves, due to want of 
oxygen, as we have shown in treating of respiration. The 
ejaculation of semen is also reflex. Important reflex actions 
take place through the sympathetic nerves, such as the 
movements of the intestines, vaso-motor movements, etc. ; 
but these will be considered fully imder the head of the 
sympathetic system. Secretion, the action of the heart, 
the contractions of the uterus, the action of the sphincters, 
the movements of the iris, etc., take place through the sym- 
pathetic and the cerebro-spinal system. 

As regards the farther action of the cord as a nerve-centre, 
there are imdoubtedly many ftmctions influenced more or 
less by this portion of the cerebro-spinal axis ; but these have 
been treated of under their appropriate heads, or will be con- 
sidered hereafter. 
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Physiological diyisions of the encephalon — ^Weight of different parts of the 
brain and of the entire encephalon — Some points in the physiological anat- 
omy of the encephalon and its connections — ^The cerebrum — General prop* 
erties of the cerebrum — ^Functions of the cerebrum — ^Extirpation of the 
cerebrum in animals — ^Pathological facts bearing upon the functions of 
the cerebrum — Comparative development of the cerebrum in the lower 
animals — ^Development of the cerebrum in different races of men and in 
different mdividuals — ^Ethnological table, derived from autopsies of white 
and negro brains — Table of weights of the encephalon in different indi- 
viduals — Location of the faculty of articulate language in a restricted por- 
tion of the anterior cerebral lobes. 

The anatomy of the encephalon is so complex, that it can 
be treated of with advantage only by a very minute and care- 
fully-illustrated description, such as is to be found in some 
of the elaborate anatomical works or in special treatises on 
the nervous system. We shall not consider under a distinct 
head the general physiological anatomy of the brain, for the 
reason just given, and also because we are as yet ignorant 
of the exact connection between the structure and arrange- 
ment of many of its parts and their physiology. We know 
that the gray substance is capable of appreciating general 
and special impressions received by the peripheral nervous 
system, and of generating the so-called nerve-force. Impres- 
sions are conveyed to this portion of the cerebro-spinal axis 
by the sensory conductors, passing to the brain, either through 
the cord or by the cranial nerves, and by the nerves of special 
sense, as well as those of general sensibility. The stimulus 
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wliicli gives rise to voluntary movements is generated in the 
brain, and is conveyed by the motor nerves to the appro- 
priate muscles. We have seen, also, that the centres of the 
ejicephalon may be concerned in reflex action. In addition, 
parts of the brain act as centres of sensation and volition and 
are concerned in the varied phenomena of intellection. 

The encephalon, or what is ordinarily known as the brain, 
consists of a number of ganglia, or collections of gray matter, 
connected with each other, and also, by the different columns 
of the cord, with the motor and sensory nerves of the gen- 
eral system. Certain of these ganglia have separate and dis- 
tinct functions, which are more or less completely understood ; 
while there arc, in addition, masses of gray substance, the 
physiological relations of which are as yet obscure or entirely 
imknown. The greatest and the most important of all, the 
gray matter of the cerebral hemispheres, undpubtedly has 
subdivisions connected with distinct attributes of the mind ; 
but our positive knowledge with regard to these divisions is, 
at the present day, very meagre, thpugh this subject has long 
been a favorite field for philosophic speculation. 

Confining ourselves strictly to the limits of positive infor- 
mation, we may recognize the following parts of the encepha- 
lon as distinct ganglia: 1. The gray matter of the cerebral 
hemispheres ; 2. The gray matter of the cerebellum ; 3. The 
olfactory ganglia ; 4. The gray matter of thecoi'pora striata ; 
6. The gray matter of the optic thalami ; 6. The tubercula 
quadrigemina ; 7. The gray matter of the tuber annulare, or 
pons Varolii ; 8. The ganglion of the medulla oblongata. In 
addition, the following parts have been made the subject of 
physiological investigation or speculation, with results more or 
less definite. The peduncles of the cerebrum and of the cere- 
bellum ; the pineal gland ; the corpus callosum ; the septum 
hicidum ; the cerebral ventricles ; and the pituitary body. 
We have, however, little if any positive information concern- 
ing these parts, except their general anatomical relations ; 
and their physiology really amounts to little more than a 
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history of the vague speculations of the ancients or the fruit- 
less experiments of modem observers. It is to be hoped that 
future anatomical investigations, chiefly in following out 
the course of the fibres of the ^ncephalon and their connec- 
tions with the cells of the different collections of gray mat- 
ter, will throw light upon the functions of this part of the 
cerebro-spinal axis; but at present, all physiologists will 
admit that we have received very little aid from this 
source. In our anatomical descriptions, therefore, we shall 
confine ourselves to those points that are strictly physio- 
logical. 

Weiffht of (liferent Parts of the Brain and of the entire 
Encephalon, — ^Most of the tables of the weight of the healthy 
adult brain of the Caucasian, given by different observers, 
show essentially the same results, the differences amounting 
to only one or two ounces for the entire encephalon. The 
average given by Quain is 49^ ounces, avoirdupois, for the 
male, and 44 ounces for the female. This is the general re- 
sult obtained by combining the tables published by Sims, 
Clendinning, Tiedemann, and Keid. The number of male 
bmins weighed was 278, and of female brains, 191. In 
males, the minimum weight was 34 ounces, and the maxi- 
mmn, 65 ounces. In 170 cases out of the 278, the weight 
ranged from 46 to 53 ounces, which may be taken as the 
general average. In females, the minimum was 31 ounces, 
and the maximum, 56 ounces. In 125 cases out of the 191, 
the weight ranged from 41 to 47 ounces. 

Quain assumes, from various researches, that in new- 
bom infants, the brain weighs 11*65 ounces, for the male, 
and 10 ounces, for the female. In both sexes, " the weight 
of the brain generally increases rapidly up to the seventh 
year, then more slowly to between sixteen and twenty, and 
again more slowly to between thirty-one and forty, at which 
time it reaches its maximum point. Beyond that period, 
there appears a slow, but progressive diminution in weight 
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of about one ounce during eacli subsequent decennial period ; 
thus confirming the opinion, that the brain diminishes in ad- 
vanced life." 

The comparative weights of the several parts of the en- 
cephalon, calculated from observations on the brains of fifty- 
three males and thirty-four females, between the ages of 
twenty-five and fifty-five, are as follows : 





Males. 


Females. 




48-98 oz. 
5-26 " 
0-98 " 


88*76 oz. 


Average weight of cerebellum 


4'76 " 


Average weight of pons and medulla oblongata 


1-01 " 


Average weight of entire encephalon 


50-21 01. 


44-52 oz. 



The proportionate weight of the cerebellum to that of 
the cerebrum, in the male, is as 1 to 8^, and in the female, 
as 1 to 8i. 

The specific gravity of the whole encephalon is about 
1,036, that of the gray matter being 1,034, and of the white, 
1,040.^ 

The above weights are quoted from Quain's admirable 
work on anatomy, and the normal range of variations and 
averages only are given. When we come to treat of the 
cerebrum and its relations to intelligence, we will discuss 
the weights of the brain in idiots and in persons of extraor- 
dinary intellectual power, as fair as any data upon these 
points are to be found. 

Some Points in the Physiological Anatomy of the En- 
cephalon and its Connections. — The direction of the fibres 
in the encephalon, their connections with the cells of the 
gray substance, the course of commissural fibres connecting 
together the different parts of the gray substance of the cere- 
brum, the cerebellum, and the deeper ganglia, and finally 
the avenues of communication between the fibres of the en- 
cephalon and the cord, are points of exceeding intricacy ; 

^ QcAiN, Elements of Anatomy^ London, 186*7, toL ii., p. 568, tt teq. 
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and many of them are still so uncertain and obscure, that 
they cannot as yet be connected satisfactorily with the exact 
results of physiological inquiry. All that we can do at pres- 
ent, is to recognize certain ganglionic masses, the separate 
functions of which have been more or less accurately de- 
fined, and show, as far as possible, their anatomical relations 
to each other and to the cord. 

The separate collections of gray matter concerning which 
we possess positive physiological knowledge are, the gray 
matter of the cerebral hemispheres and of the cerebellum, 
the corpora striata, optic thalami, tuber annulare, or pons, 
and the medulla oblongata. To these may be added, the 
olfactory ganglia, which preside over the sense of smell, and 
the tubercula quadrigemina, or optic lobes, which are the 
centres connected with vision. The minute anatomy of the 
nerve-fibres and the nerve-cells, with their mode of connec- 
tion with each other, have been already considered with suf- 
ficient minuteness under the head of the general structure 
of the nervous system.* We shall here discuss chiefly the 
direction of the fibres through which the encephalic ganglia 
are connected with the periphery, the fibres connecting the 
different ganglia with each other, and, in the case of the 
larger ganglia, certain commissural fibres connecting to- 
gether their different parts. 

In the wealth of literature pertaining to the minute 
anatomy of the encephalon, it is somewhat diflScult to sepa- 
rate and define the well-established facts which have a direct 
bearing upon physiology. Perhaps the most elaborate and, 
to a certain extent, the most satisfactory observations upon 
the various points to be considered, are those of Luys ; but 
this author describes the course of the fibres with an exacti- 
tude that seems hardly justified, in all instances, by the facts, 
in view of the inevitable diflBculty and uncertainty of some 
of the processes employed ; and the graphic and admirable 
delineations by which the work is illustrated, though profess- 

» See Chapter I. 
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edly schematic, present a degree of ideality which inspires 
some distrust with regard to the accuracy of the general 
conclusions/ According to Luys, the fibres of the encepha- 
lon have several directions, as follows : 

The gray matter of the cerebral hemispheres, as we shall 
see farther on, is composed of a mass of nerve-cells, con- 
nected together by their prolongations into a plexus, which, 
in its turn, is connected with the fibres of the white sub- 
stance. 

From this cortical cellular plexus, white fibres arise, 
which may be divided, according to their direction and des- 
tination, into two classes : The first class consists of curved 
commissural fibres, which pass into the white substance to a 
certain depth and return to the gray matter, connecting thus 
the gray substance of adjacent convolutions. The existence 
of these fibres and their direction are well established. The 
second class consists of fibres which, arising from the gray 
substance of the convolutions, connect these with the cor- 
pora striata and the optic thalami. These may be called the 
converging fibres ; and their general direction, as far as it 
lias been ascertained, is as follows : 

Arising from the internal, concave surface of the corti- 
cal substance of the cerebrum, the converging fibres, at first 
running side by side with the curved commissural fibres, 
separate from the latter as they curve backward to pass 
again to the cortical substance, and are directed toward the 
corpora striata and the optic thalami. The limits of the 
irregular planes of separation of the commissural and the 
converging fibres contribute to form the boundaries of the 
ventricular cavities of the brain. If we study the course of 
the converging fibres arising from all points in the concave 
surface of the cerebral gray matter, we find that they take 
various directions. The fibres from the anterior region of 
the cerebrum pass backward, and form distinct fasciculi 

* Luys, Recherclies sur le systkme nerveuz ceribrospinal, sa Hmdurf, 8f8 fone^ 
tiona et ses maladies^ Paris, 1865. 
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whicli converge to the gray substance of the corpora striata. 
The fibres from the middle portion converge regularly to the 
middle region of the external portions of the optic thalami. 
The fibres from the posterior portion pass from behind for- 
ward, and distribute themselves in the posterior portion of 
the optic thalami. The fibres from the convolutions of the 
hippocampi and the fascia dentata are lost in the gray sub- 
stance lining the internal borders of the opt^c thalami. In 
addition to these converging fibres and the curved commis- 
Bxirsil fibres connecting the different convolutions of each 
hemisphere with each other, are commissural fibres which 
connect the two hemispheres, as well as fibres connecting 
together the corpora striata and the optic thalami of the 
two sides. 

Certain of the fibres converging from the gray substance 
of the hemispheres to the corpora striata and optic thalami 
are probably connected with the cells in the gray matter of 
these parts. Other fibres pass through the corpora striata 
and optic thalami to become finally connected with the 
fibres of the medulla oblongata, and, through the medulla 
oblongata, with the columns of the spinal cord. Following 
the antcro-lateral columns of the cord from below upward, 
they ascend to the medulla oblongata, decussate in the me- 
dian line, and from the medulla pass to the brain. Certain 
of these ascending fibres, which are nearly all continuations 
of the antero-lateral columns of the cord, ascend to the brain 
by passing deeply through the pons Varolii ; other fibres as- 
cend in the cerebral peduncles, or crura cerebri ; and other 
libres pass to the tubercula quadrigemina. As the bundles 
of fibres ascend from the medulla oblongata, they become 
more and more numerous by reenforcements of fibres, proba- 
bly derived from the cells of the collections of gray matter in 
their course. 

AVe have attempted, in the above sketch of the fibres of 
the brain, to give a succinct account of the points that are 
most ihteresting from their physiological relations, and to 

121 
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confine our description, as far as possible, to anatomical facts 
that have been definitively settled and are now generally ac- 
cepted. But, as we have before remarked, the course of the 
fibres and their connections are so exceedingly intricate, that 
we cannot rely entirely upon purely anatomical investiga- 
tions. The results obtained by anatomists should be con- 
trolled, as far as possible, by physiological and pathological 
observations. ^VTien anatomical researches are directly op- 
posed to the conclusions to be deduced from experiments 
upon living animals, in view of the great uncertainty of the 
former, it will generally be reasonable to assume that they 
are erroneous or incomplete. We know, as the results of 
experiments on animals, that the motor stimulus is con- 
ducted from the brain by the antero-lateral columns of the 
cord, and that the conducting fibres decussate at the medulla 
oblongata. This fact has been verified by pathological ob- 
servations, chiefly in cases of injury to the brain-substance 
from haemorrhage, softening, etc. We know that impres- 
sions are appreciated as sensations in some part of the cere- 
brum, and that the sensory conductors also decussate ; as is 
showTi by occasional paralysis of both motion and sensation 
following brain-lesions. It is evident, therefore, that sensory 
conductors pass to the brain, but their precise course is not 
easy to determine. We have seen, in treating of the action 
of the cord as a conductor, that sensory impressions are 
transmitted by the gray substance alone, and it is probably 
through connections between the cells of the different cen- 
tres that these impressions are finally carried to the brain. 
The physiological fact of the conduction of sensory impres- 
sions is fully confirmed by pathology, but its mechanism has 
been very little, if at all, elucidated by anatomical re- 
searches. 

We have left certain anatomical points relating to the 
cerebrum, cerebellum, tuber annulare, and medulla oblon- 
gata, to be described separately in connection with these 
divisions of the encephalon. 
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The Cerebrum. 

The anatomical description which we have just given of 
the encephalon will answer for most of the points of physio- 
logical interest connected with the cerebrum. As we have 
seen, the cerebrum constitutes more than four-fifths of the 
encephalic mass. Its gray matter, which is external and 
follows the convolutions, is from -j^ji- to ^ of an inch in thick- 
ness.* Writers have described this substance as existing in 
several layers, but this division is mainly artificial. In cer- 
tain parts, however, particularly in the posterior portion of 
the cerebrum, the gray substance is quite distinctly divided 
into two layers, by a very delicate intermediate layer of a 
whitish color. 

There is a marked difference in the appearance of the 
cells in the most superficial and in the deepest portions of 
the gray substance. The superficial cells are small, and 
present a net-work of delicate, anastomosing fibres, re- 
sembling the cells of the posterior comua of the gray 
substance of the cord ; while the deepest cells are large, and 
resemble the so-called motor cells of the cord. Between 
these two extremes, in the intermediate layers, there is a 
gradual transition in the size of the cells." This anatomical 
fact points to the possibility of distinct functions of the cells 
belonging to the superficial and the deep layers ; viz., that 
the larger cells are for the generation of the motor stimulus, 
while the smaller are for the reception of sensory impres- 
sions. This, however, is mere supposition, incapable, as 
yet, of positive demonstration. 

^ LuTS, Systkme nerveux^ Paris, 1865, p. 161. 

' The above general description of the peculiarities of the nerve-cells of the 
cerebral convolutions is the one given by most anatomists. Lately, Lockhart 
Clark has described the structure of the convolutions very minutely, dividing 
the gray substance into seven distinct layers. This description is interesting, 
but chiefly so fron^ an anatomical point of view. (Lockhart Clark, TIU 
Structure of the Cer^ral Convolutions. — Quarterly/ Journal of Fsychologtcal 
Medicine, New York, 1869, vol. iii., p. 517.) 
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The mode of connection between the cellular and the 
fibrous elements of the nervous system has already been 
considered, and does not demand further mention/ We 
will also pass over the amorphous matter, nuclei, myelo- 
cytes, etc., found in the central nervous matter, as these 
points possess little or no physiological interest. 

General Properties of the Cerebrum. — ^By the general 
properties of the cerebrum, we mean the effect, or the ab- 
sence of effect, observed when the gray or white substance 
is subjected to direct irritation. While some of the older 
writers state that the brain is both irritable and sensible,' 
nearly all authorities, up to a very recent date, are agreed 
that direct stimulation of the white or the gray substance of 
the greatest part of the brain produces neither pain nor 
convulsive movements. Among the numerous experimenters 
who have exposed the brain and noted the absence of pain 
and convulsions after direct stimulation of both the gray 
and the white matter, may be mentioned Flourens,* Ma- 
gendie,* and Longet. Longet states that he has exposed the 
cerebrum in goats, and irritated both the white and the gray 
substance by laceration, cauterization with potash and nitric 
acid, the galvanic current, etc., with purely negative results.* 
In numerous experiments upon pigeons, we have invariably 
observed the same insensibility and inexcitability of both 
the gray and the white substance of the cerebral hemi- 
spheres. 

* See page 60. 

* The most definite experiments on this point are those made bj Haller and 
Zinn, these observers noting, as it seemed to them, indications of pain, and 
conTolsive moyements, immediately following mechanical irritation of the brain. 
(Haller, Memoiret sur la nature aensible d irritable des parties du corps animal, 
Lausanne, 1766, p. 201, et seq.) 

» Flourens, Systhne nerveux, Paris, 1842, p. 18. 

^ Maoendib, Lefons sur lesfonctions et les maladies du systhne nenmtx^ Paris, 
1841, tome i., p. 176, et seq, 

* Longet, Anatomie H fhysioloffie du systkme nerveux^ Paris, 1842, tome L« 
pp. 642, 644. 
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From the above facts, all physiologists of the present day 
are agreed that a great part of the substance of the cerebrum 
is neither excitable nor sensible, in the sense in which these 
terms are applied to the ordinary mixed nerves. There can 
be no doubt with regard to the conducting properties of the 
white matter of the brain, but the nerve-fibres here seem to 
conduct impressions conveyed to them by the sensory nerves 
and the stimulus generated by the nerve-cells, without being 
capable of receiving or conducting artificial impressions ap- 
plied directly to their substance. 

We have said that a great part of the cerebral substance 
seems to be neither excitable nor sensible to direct stimula- 
tion ; but we must make an exception in favor of certain 
portions of the cerebrum, which have lately been shown to 
possess excitability, their action being confined to particular 
sets of muscles. Fritsch and Hitzig, exposing the cere- 
bral hemispheres in dogs, found that certain parts of its an- 
terior portion responded to a feeble galvanic current. The 
stimulation was applied by means of two needles, conducting 
a feeble galvanic current, introduced through the gray into the 
white substance. Each galvanization produced movements 
restricted to particular sets of muscles ; but it was difficult to 
say whether the contractions were due to stimulation of the 
white or of the gray substance. Different centres for the 
sets of muscles were accurately determined. The centre for 
the muscles of the neck was located in the middle of the 
frontal convolution ; external to that, was a centre for the 
extensor and adductor muscles of the forelegs ; and so on, 
other centres for sets of muscles being found in the anterior 
portion of the hemispheres. By passing an interrupted cur- 
rent through these parts, tetanus of particular muscles was 
produced. In other observations, when the gray substance 
was removed at the points mentioned, there was partial loss 
of power, but not paralysis, of the sets of muscles correspond- 
ing to the centres operated upon. The authors regarded 
this as due to a loss of " muscular sense." In these experi- 
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ments, the action was always crossed. It was also found that, 
after severe hsemorrhage, the excitability of the cerebrum 
quickly disappeared, which may account for the negative re- 
sults obtained by previous experimenters. No motor prop- 
erties were found in the posterior portion of the cerebrum.* 

The experiments just cited throw a new light upon the 
properties of the cerebral substance. It has always been found 
difficult to experiment upon the great encephalic centres 
without disturbing the physiological conditions so seriously 
as to render the results of direct observations of this kind 
more or less indefinite. Now that it is ascertained that, in 
all probability, these centres readily lose their normal prop- 
erties as a simple consequence of haemorrhage and exposure 
of the parts, we are less disposed to accept the older experi- 
ments, in which the cerebral tissue was apparently shown to 
be incapable of receiving direct artificial impressions. There 
can be scarcely any doubt with regard to the positive results 
obtained by Fritsch and BUtzig ; and it is by no means im- 
probable that further investigations may show that other 
parts of this centre are excitable. For the present, we can 
only accept the definite conclusions drawn by these physiolo- 
gists from their direct experiments, admitting that we are 
prepared to learn, from further observations, that other parts 
have analogous properties. 

Functions of the Cerebrum. 

The history of the functions of the encephalon belongs 
without question to physiology, and is one of the most exten- 

* Fritsch tnd Hitzio, Ueber die eUdrUche Erregharkeit des Grosshirns. — 
Archiv fur Anafomie^ Physiclogie, und vnssenschafUiche Mcdicin, Leipzig, 1870, 
S. 800, d seq. 

In the London Lancet^ October 21, 1871, No. xvii., p. 581, is a note stating 
tjiat the experiments of Fritsch and Hitzig have been confirmed by Schiff. Schi AT 
is of the opmion, howerer, that the movements produced by stimulation of the 
brain-substance do not depend upon direct excitability of the brain, but are re- 
flex, the result of irritation of parts concerned in tactile sensibility. As far a? 
we know, the experiments of Schiff have not yet been published in full. 
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sive and interesting of the subdivisions of the science ; but 
its range is so extensive, that it has long been regarded as a 
science by itself, and is only treated of exhaustively in special 
treatises on psychology. The study of psychology has been 
pursued by the method of observation much more than by 
direct experiment. It comprehends, it is true, the facts de- 
duced from experiments upon living animals, but the results 
obtained by this method are comparatively few and their 
scope is restricted. Nevertheless, they are suflSciently defi- 
nite ; and if these results be corrected and applied to the hu- 
man subject by a comparison with pathological facts, there 
still remains in psychology much that may be regarded as 
within the range of experimental physiology ; for pathologi- 
cal cases are very frequently available to the physiologist as 
accidental experiments indicating the functions of parts of 
the human organism. We cannot restrict ourselves, how- 
ever, to this method in the study of the intellectual phenom- 
ena ; and must draw upon facts in comparative anatomy and 
physiology, anthropology, and, finally, upon the direct obser- 
vation and classification of the intellectual processes. 

The experimental physiologist has shown that the en- 
cephalon may receive impressions and appreciate them as 
sensations ; that impressions may be here connected and give 
rise to various of the phenomena of animal and intellectual 
existence ; that impressions are recorded by the memory ; 
and, finally, that certain parts are endowed with special func- 
tions. But beyond this, psychology is a science mainly of in- 
trospective observation ; the facts contributed by the experi- 
mentalist being few and barren. The observer of intellectual 
phenomena studies the process of development of the mind, 
lie soon separates the instinctive phenomena, observed 
in the lower animals, and in the human being without expe- 
rience, from the acts which follow experience, observation, 
the recording of impressions by memory, and the generation 
of ideas. He brings his perfected intelligence to bear upon 
the process of development of the same kind of intelligence 
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in the human being progressing from infancy to adult life ; 
and finally, the psychological philosopher attempts, by intro- 
spective observation, to study the workings of the perfect 
intellect, his only means of investigation being the very iur 
telligence he is endeavoring to comprehend. 

If it were possible to bring to bear upon speculative phi- 
losophy the same positive methods employed with success in 
most of the natural sciences, the results of the study of the 
mind would be much more definite ; for we would then be 
able to eliminate much that is purely hypothetical, resting 
on no established basis in fact. As we are studying the 
mind itself with the mind, and as many psychologists en- 
deavor to submit their ideas to the test of personal expe- 
rience, it is necessary that the investigator should be entirely 
free from the disturbing elements of intellectual inaccuracy 
or unjustifiable prejudice ; but, unfortunately, the effects of 
early impressions made by faulty education are not often en- 
tirely removable ; and notions that apparently can never be 
supported by facts are apt to take the place of sound philo- 
sophic reasoning. Ideas of this kind might, perhaps, be ra- 
tionally entertained and discussed at a period when our posi- 
tive physiological knowledge amounted to almost nothing, 
as before the discovery of the circulation, when,our literature 
was filled with disquisitions upon the generation of the "^- 
rituB^'^ the location of the passions, etc. ; but as knowledge 
has advanced and as established facts are more and more nu- 
merous and available in the study of mental phenomena, the 
range of pure speculation should become more and more re- 
stricted.* 

At the present day, we are in possession of a sufficient num- 
ber of positive facts to render it certain that there is and can 

* A Btriking example of rapid advance from the most vague and absurd 
mysticism toward positive physiological knowledge is afforded by a comparison 
of the ^^(Economia JRe^ii AnimcUis,''^ written by Swedenborg, one of the moat 
learned men of his day, in the middle of the eighteenth century, with the great 
work by Haller (Elementa Phytiologia)^ published only a few years later. 
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be no intelligence without brain-substance ; that when brain- 
substance exists in a normal condition, intellectual phenom- 
ena are manifested, with a vigor proportionate to the amount 
of matter existing ; that destruction of brain-substance pro- 
duces loss of intellectual power ; and finally, that exercise of 
the intellectual faculties involves a physiological destruction 
of nervous substance, necessitating regeneration by nutrition, 
here, as in other tissues in the living organism. The brain 
is not, strictly speaking, the organ of the mind, for this state- 
ment would imply that the mind exists as a force, indepen- 
dently of the brain ; but the mind is produced by the brain- 
substance ; and intellectual force, if we may term the intellect 
a force, can be produced only by the transmutation of a cer- 
tain amount of matter. 

In view of these facts, which have long been more or less 
fully recognized, though not, perhaps, very accurately defined 
in words until within a few years, it is not surprising that at- 
tempts have been made to locate the different mental attri- 
butes in particular portions of the brain.* The old pseudo- 
science of phrenology is the most marked example of such 
an attempt ; but this has so slight a basis in foct, that it does 
not, at the present day, merit serious scientific discussion. 

In treating of the functions of the cerebrum, we shall 
not discuss psychology, except in so far as physiologists have 
been able to connect the mind, taken as a whole, with a dis- 
tinct division of the nervous system. In this we will draw 
upon experiments on living animals, facts in comparative 

- i Qall, whose labors hare hardly received proper consideration at the hands 
of many physiological writers, from the fact that he is regarded as the founder 
of the untenable system of phrenology, is entitled to the credit of having im 
mensely advanced our knowledge of the anatomy of the brain ; but unfortunately, 
his visionary and unsupported theories overshadowed his merits as an exact 
anatomical investigator. As we do not enter into the early history of anatom- 
ical res^rchcs, we have not referred before to his great work in six volumes, 
which contains a large number of important facts, novel and interesting at the 
time of its publication. (Gall, Sur lea fonctiona du eerveau d aur cdlea de cha» 
cune de aea partieay Paris, 1822-*26.) ^ 
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physiologj'', in pathology, and, to a certain extent, the rela- 
tions clearly shown to exist between the development of in- 
telligence and certain of the nerve-centres, in different races 
of men and'different individuals. With regard to the location 
of particular functions in distinct portions of the cerebrum, 
we have but little definite knowledge, beyond the experi- 
ments already cited in treating of the irritability of the cere- 
bral substance, and the probable location of the faculty of 
speech. The latter point will be fully discussed in its appro- 
priate place. 

Extirpation of the Cerebrum in Anvmah. — ^It is, perhaps, 
sufficiently evident, from anthropological and pathological 
observations, as well as the study of comparative physiology, 
that the intellectual faculties reside in the encephalon ; but 
these methods of investigation do not clearly indicate the 
special functions of different parts of the cranial contents. 
We have seen, in our general sketch of the anatomy of the 
brain, that this is by no means a simple organ, and that cer- 
tain parts, though they are bound together by commissural 
fibres, have sufficient anatomical distinctness to lead the 
physiologist to suppose that they have separate and peculiar 
properties and tunctions. One of the most valuable methods 
of investigation of the functions of these separate ganglia is 
that of extirpation of one or more, leaving the others, as far 
as possible, intact. This method was first employed with 
marked success by Flourens, and has since been adopted by 
numerous experimenters. It must be remembered, however, 
that there is no subject of physiological inquiry in which it 
is so difficult to apply experiments on the inferior animals to 
the human subject, and none in which the results of experi- 
ments should be received with greater caution. The reason 
for this is apparent enough. The brain and the intellectual 
power of man are so far superior to the development of this 
organ and its properties in the lower animals, that some 
philosophers have regarded the human intelligence as distinct 
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in nature as well as in amount. Although we are by no 
means prepared to accept this proposition, regarding, as we 
must, the intelligence of man as simply superior in develop- 
ment to that of the lower animals, it is evident that this 
difference in the degree of development is so enormous as to 
render the human mind hardly comparable with the intellect- 
ual attributes of animals low in the scale. But when the 
human brain is slightly developed, as in idiots, or when 
the intellectual faculties are simply diminished in activity, 
as in certain cases of disease, the being is reduced to a condi- 
tion very like that of some of the lower animals. 

Experiments upon different classes of animals show clear- 
ly that the brain is less important, as regards the ordinary 
manifestations of animal life, in proportion as its relative de- 
velopment is smaller. For example : if we remove the cere- 
bral hemispheres in fishes or reptiles, the movements which 
we call voluntary may be but little affected ; while, if the 
same mutilation be performed in birds or some of the mam- 
malia, the diminished power of voluntary motion is much 
more marked. It would be plainly unphilosophic to assume, 
because a fish or a firog will swim in water and execute 
movements after removal of the hemispheres, very like 
those of the uninjured animal, that the feeble intelligence 
possessed by these animals is not destroyed by the opera- 
tion. It is not only possible, but probable, that in the very 
lowest of the vertebrates, the functions of the nervous cen- 
tres are not the same as in higher animals. There is, for 
example, a fish (the lancet-fish, Amphioxas lanceolatics\ that 
has no brain, all of the functions of animal life being regu- 
lated by the gray substance of the spinal cord.* It is essen- 
tial, in endeavoring to apply the results of experiments upon 
the brain in the lower animals to human physiology, to iso- 
late, as far as possible, the distinct manifestations of inteUi- 

' Metnert, in Stricker, Handbuch der Leht von den Geweben, Leipzig, 1868, 
S. 695 ; and, Van deb Hokven, Handbook of Zoology^ Cambridge, 1868, vol il, 
p. 56. 
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gence, from automatic movements. Bearing in mind, then, 
the diflBculties of the question and the caution with which 
all observations upon the great nerve-centres of the lower 
animals must be received in their applications to pure human 
physiology, we will proceed to discuss the phenomena follow- 
ing removal or injmy of the cerebrum in direct experiments. 
In 1822 and 1823, Flourens communicated to the French 
Academy of Sciences his remarkable observations upon the 
different parts composing the encephalon. His experiments 
are so familiar to physiologists, that it is only necessary here 
to give his general conclusions. As regards the cerebral 
hemispheres, he found that the complete removal of these 
parts in living animals, frogs, pigeons, fowls, mice, moles, 
cats, and dogs, was invariably followed by stupor, apparent 
loss of intelligence, and absence even of the ordinary instinc- 
tive acts. Animals thus mutilated retained general sensibil- 
ity and the power of voluntary movements, but were thought 
to be deprived of the special senses of sight, hearing, smell, 
and taste. As regards general sensibility and voluntary 
movements, Flourens was of the opinion that animals de- 
prived of their cerebral lobes possessed sensation, but had 
lost the power of perception, and that they could execute 
voluntary movements when an irritation was applied to any 
part, but had lost the power of making such movements in 
obedience to a spontaneous effort of the will. One of the 
most remarkable phenomena observed was entire loss of 
memory and the power of connecting ideas. The voluntary 
muscular system was enfeebled, but not paralyzed. Eemoval 
of one hemisphere produced, in the higher classes of animals 
experimented upon, enfeeblement of the muscles upon the 
opposite side, but the intellectual faculties were in part or 
entirely retained. Removal of even a considerable portion 
of both hemispheres was followed by no very marked effect 
as regards the intelligence.* 

* Flourens, Rechfrehes experimmlales sur lea proprietea et Im fonctiona du 
tyathixe nerveux^ Paris, 1842, pp. 18, 81, 98, etc. 
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« 

The observations of Floiirens have been repeated by nu- 
merous experimentalists, and were, in the main, confirmed, 
except as regards the special senses. Bouillaud, in 1826, 
made a large number of observations on pigeons, fowls, rab- 
bits, etc., in which, after removal of the hemispheres, he 
noted the persistence of the senses of sight and hearing.* 
Longet finally demonstrated the fact that both sight and 
hearing are retained after extirpation of the hemispheres, 
even more clearly than Bouillaud, by the following experi- 
ments: He removed the hemispheres from a pigeon, the 
animal surviving the operation eighteen days. When this 
animal was placed in a dark room and a light was suddenly 
brought near the eyes, the iris contracted and the animal 
winked ; " but it was remarkable, that when a lighted candle 
was moved in a circle, and at a sufficient distance, so that 
there should be no sensation of heat, the pigeon executed an 
analogous movement with the head." An examination after 
death showed that the removal of the cerebrum had been 
complete. An animal deprived of the hemispheres also 
opened the eyes at the report of a pistol, and gave other 
evidence that the sense of hearing was retained.' 

With regard to the senses of smell and taste, it is more 
difficult to determine their presence than to ascertain that 
the senses of sight and hearing are retained. It is probable, 
however, that the sense of smell is not abolished, if the hemi- 
spheres be carefully removed, leaving the olfactory ganglia 
intact ; and there is no direct evidence that extirpation of 
the cerebrum affects the sense of taste ; indeed, in young 
cats and dogs, Longet has noted evidences of a disagreeable 
impression following the introduction of a concentrated solu- 
tion of colocynth into the mouth, as distinctly as in the same 
animals in a normal condition.* 

* Bouillaud, Recherchea expkrimerdales tur les fondiona ducerveau. — Journal 
de physiologie^ Paris, 1830, tome x., p. 86, et seq. 

» Longet, Traiii de phyaiobgie, Paris, 1869, tome iiu, pp. 828, 829. 
» Op, ciL, p. 430. 
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We will now proceed to describe, as accurately as possi- 
ble, the condition of an animal after complete extirpation of 
the cerebrum, as observed in numerous experiments that we 
have ourselves made on this subject, premising the statement 
tliat these are merely repetitions of observations made by 
other physiologists. 

A pigeon, in a perfectly normal condition, is deprived 
of the hemispheres, by removing the calvarium and carefully 
scooping out the parts with the handle of a scalpel. This 
operation is usually not diflScult, and the haemorrhage is soon 
arrested spontaneously. The slit in the scalp is closed with 
sutures, and the animal is set at liberty. 

The appearance of the animal after this mutilation is 
peculiar and characteristic. There immediately supervenes 
a condition of stupor. There is usually no attempt at move- 
men t, and, though the pigeon stands upon its feet, the head 
is almost buried in the feathers of the neck, the eyes are 
closed, and the attitude is one of absolute indifference to 
surrounding conditions. The muscles seem to act with just 
sufficient vigor to maintain the standing position. Kwe 
pinch one of the toes, or grasp the beak, there is evident 
sensation, and a persistent and more or less vigorous effort 
is made to release the part. It is sufficiently evident, from 
these and other tests, that sensation and the power of volun- 
tary motion are retained ; but as soon as the animal is left 
quiet, it relapses into its stupid condition, makes no effort 
to escape, and apparently loses immediately all recollection 
of having been disturbed. The irritation has evidently pro- 
duced a sensation of discomfort, and has given rise to a 
voluntary muscular effort ; but there has been no idea of 
danger, nor an intelligent effort to avoid a repetition of the 
disagreeable or painful impression. 

It is easy to demonstrate, by experiments such as we 
have just alluded to, that the animal sees and hears, and 
retains the sense of taste ; but it connects no idea with any 
thing seen, and the report of a pistol, which, under natural 
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conditions, would excite terror and an idea of danger, simply 
causes the pigeon to give evidence that the sound has been 
heard. As we have abeady stated, it is probable that the 
animal has the sense of smell, but it is difficult, if not im- 
possible, to establish this point experimentally. The same 
remark applies to the sensations of hunger and thirst. The 
animal may feel the want of water and food, but it has no 
idea of relieving these sensations by drinking and eating, 
and, if left to itself, will die of inanition. 

There has been a great deal of discussion among experi- 
mentalists with regard to spontaneous voluntary movements 
in animals deprived of the cerebral hemispheres. The ex- 
perimental conditions necessary for determining this point 
are the following : The observer must be certain that the 
removal of the hemispheres has been complete ; for it has 
been clearly shown that even when a small amount of cere- 
bral substance has escaped, the functions of these lobes are 
not entirely abolished. Again, we must be equally certain 
that movements which seem to be due to a spontaneous act 
of volition take place when the animal has not been aroused 
from the condition of stupor which results fi'om the opera- 
tion. Generally, when the animal is left to itself, the con- 
dition of stupor persists; but when aroused by artificial 
means, it will walk a few steps, plume the feathers, shako 
its head, and make various voluntary movements without 
further irritation, soon relapsing, however, into somnolency. 
One of the most accurate and reliable of the recent observ- 
ers of these phenomena, Vulpian, asserts without reserve, 
that an animal, deprived completely of the cerebral hemi- 
spheres, is incapable of a spontaneous voluntary effort ; and 
we are inclined to an unqualified adoption of this opinion. 
With regard to a rabbit, from which Vulpian had removed 
the cerebral hemispheres and the corpora striata, he makes 
the following statement : " I do not hesitate to say that this 
rabbit is completely deprived of spontaneous volition. All 
its movements, which arc, indeed, much less varied than 
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those of a bird operated on in the same manner, are ex- 
clusively and- directly due to a stimulation produced by 
exterior excitations, or by interior inclinations, such as fa- 
tigue, etc." ^ 

In view of the very great variety of movements that 
occur in animals after removal of the cerebrum, it is quite 
difficult to define precisely what movements are due to vol- 
untary action depending upon some external or interior im- 
pression, which are really reflex voluntary movements, and to 
distinguish them from those which arise from a spontaneous 
and, perhaps, an intelligent eflfort of the will. These points 
have been so admirably described in a recent article, by 
Onimus, that we quote his concluding summary : 

" As a summary, in the inferior animals, as in the supe- 
rior animals, the removal of the cerebral hemispheres does 
not cause to disappear any of the movements that previous- 
ly existed. Only, these movements assume certain peculiar 
characters. In the first place, they are more regular, they 
have the true normal type, for no psychical influence inter- 
venes to modify them ; the locomotor apparatus is brought 
into action without interferences, and one could almost say 
that the ensemble of movements is then more normal than 
in the normal condition. 

"In the second place, the movements executed take 
place inevitably after certain excitations. It is a necessity 
that the frog placed in water should swim, and that the 
pigeon thrown into the air should fly. The physiologist 
can then, at wiU, in an animal without the brain, determine 
such and such an act, limit it, arrest it ; he can anticipate 
the movements and affirm in advance that they will tike 
place under certain conditions, absolutely as the chemist 
knows in advance the reactions that he will obtain in mix- 
ing certain bodies. 

" Another peculiarity in the movements that take place, 
when the cerebral lobes are removed, is their continuation 

* VuLPiAN, Sytthns nerveux^ Paris, 1866, p. 680. 
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after a first impression. On the ground, a frog without the 
brain when irritated makes, in general, two or three jumps 
at the most ; it is rare that it makes but one. Placed in 
water, it continues the movement of natation until it meets 
with an obstacle ; it is the same in the carp, eel, etc. The 
pigeon continues to fly, the duck and goose continue to 
swim, etc. We should say that there is a spring which 
needs for its action a first impulsion, and which is stopped 
by the slightest resistance. But, what is striking, is pre- 
cisely that continuation of the condition once determined, 
and we cannot refrain from connecting the facts observed in 
an animal deprived of the cerebral lobes with those which 
constitute the characteristic properties of inorganic matter. 
Brought into movement, the animal without a brain retains 
the movement imtil there is exhaustion of the conditions of 
movement, or until it meets with resistance ; taken in re- 
pose, it remains in the state of inertia until an exterior 
cause intervenes to bring it out of this condition. It is 
limnffj inert TnatterP * 

There is now no room for discussioH with regard to the 
persistence of general sensibility after removal of the hemi- 
spheres. The experiment upon a pigeon leaves no doubt 
upon this point; but the susceptibility to pain has been 
much more strikingly illustrated in other animals. Vulpian, 
in describing the condition of animals operated upon in this 
way, illustrates the persistence of sensibility in rats and rab- 
bits, by the violent cries which follow painful impressions.* 

In concluding our consideration of the observations upon 
inferior animals, it only remains for us to discuss briefly cer- 
tain late experiments, which have attracted a great deal of 
attention, from the foct that they seem to show that sponta- 
neous volition exists after complete extirpation of the cere- 
brum. These experiments have been most ably and satis- 

' Onimcs, Recherche^ aepSrimentales sur les phSnomhics consecuiifs d VaUation 
du cerveau. — Journal de Vaaiatomie^ Paris, IS'TO-'Tl, tome vii., p. 644. 
• Vulpian, Syttkme nerveux^ Paris, 1866, p. 667. 
122 
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factorily analyzed by Vulpian/ Goltz argues, from experi- 
ments on frogs and the movements executed after extirpation 
of the brain, that these animals make intelligent muscular 
efforts when deprived of the hemispheres ; and the phenom- 
ena observed after this mutilation are indeed very curioUs. 
As was shown by Vulpian, in his own experiments, frogs and 
fishes thrown into water will swim about and the frogs will 
even succeed in getting out of the water, but then they im- 
mediately relapse into a torpid condition. "We do not con- 
ceive that these facts are in opposition to the statement just 
made with regard to the absence of spontaneous volition in 
birds and the mammalia, particularly in view of the slight 
importance of the functions of the cerebrum as compared with 
the spinal cord in the lower orders of vertebrate animals. 
The views lately advanced by Yoit are based upon an iso- 
lated experiment upon a pigeon that was kept alive for five 
months after the cerebral lobes had been, as stated by Yoit, 
completely removed. At first the pigeon presented the phe- 
nomena usually observed after this operation ; but it gradu- 
ally recovered, until finally it seemed entirely normal, with 
the single exception that it never would eat, all food being 
introduced forcibly. Five months after the operation, the 
pigeon was killed and the encephalic cavity was found filled 
with a white substance containing dark-bordered nerve-fibres 
and nerve-cells. Yoit never before observed any tiling like 
regeneration of the nervous substance or so complete a res- 
toration of the cerebral functions ; and he regarded this as 
an instance of anatomical and physiological regeneration of 
the hemispheres. The objections to accepting this observa- 
tion with the physiological conclusions presented by Yoit 
are, that it is not only possible but probable, that the hemi- 
spheres were not entirely removed, and that the posterior 
portion of the encephalon had advanced to occupy in part 
the space originally filled by the extirpated mass.* While 

' Arehtvei de physielorfiey Paris, 1869, tome ii., p. 801. 

> Goltz, Coniribuiiona d VHude des fondiom du cerveau de la grenouilU ; 
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we do not assume that anatomical and functional regenera- 
tion of the cerebrum in a pigeon is impossible, it must be 
admitted that such an extraordinary statement as that made 
by Voit cannot be accepted without reserve, upon the basis 
of a single observation.* 

Pathological Facts hearing ujpon the Functions of the 
Cei'ebrum. — A careful study of the phenomena which attend 
certain pathological conditions of the brain. in the himian 
subject, such as laceration or pressure from effusion of blood, 
softening of the nervous substance, etc., taken in connection 
with the results of experiments upon living animals, throws 
considerable light upon the functions of certain distinct por- 
tions of the encephalon. Cerebral haemorrhage very common- 
ly involves the corpus striatum, either directly or indirectly, 
and then we have paralysis of motion limited to the side of 
the body opposite to the lesion. When the optic thalamus is 
affected, there is impairment of sensibility upon the opposite 
half of the body. These facts illustrate the course of the 
motor and sensory conductors from and to the cerebrum. 
It is not very common to observe lesions confined to the 
gray or white substance of the hemispheres, but when this 
occurs, and when there is no pressure upon the corpora 
striata or optic thalami, there is no paralysis of motion or 
sensation, though there may be a certain amount of weak- 
ness of the muscles upon the side of the body opposite to 
the injury. Experiments upon the inferior animals have 

Rosenthal, Sur let mouvemenia qui oni lieu aprea VablaUon dea hemispheres 
eerebraux; Sur un pigeon auquel leprofesseur Voit avail efilevS lea hemiapherea 
cerebrauz dona le mcia de juillet 1861 ; Voit, Observationa aur V ablation dea 
hhniaphtrea eSrebraux chez le pigeon. — Archivea de phyaiologie^ Paris, 1869, tome 
IK, p. 801. 

* Voit, Phenomhiea qui auiverU V ablation dea hemiapherea du eerveau chez lea 
jngeona, — Revue dea coura aeientifiquca^ Paris, 1868-1869, tome vi., p. 256. 

This observation has ahrcadj been detailed in full, in connection with the 
question of the possible regeneration of the nerve-centres after extirpation 
(See page 63.) 
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confirmed the conclusions to be drawn from these pathologi- 
cal facts. In frogs, fishes, and birds, when one hemisphere 
has been removed, the evidences of feebleness of the muscles 
of the opposite side are not very marked ; but they are quite 
distinct in the adult mammalia. Vulpian noted, in experi- 
ments upon dogs, that the destruction of a portion of one 
cerebral hemisphere produced feebleness, but a very incom- 
plete paralysis of motion upon the opposite side.* 

It is a fact now generally admitted in pathology, that loss 
of cerebral substance from repeated haemorrhage is sooner 
or later followed by impairment of the intellectual faculties. 
This point it is frequently diflScult to determine in a single 
instance, but an analysis of a suflScient number of cases 
shows impaired memory, tardy, inaccurate, and feeble con- 
nection of ideas, abnormal irritability of temper, with a child- 
ish susceptibility to petty or imaginary annoyances, easily- 
excited emotional manifestations, and a variety of phenom- 
ena denoting abnormally feeble intellectual power, following 
any considerable loss of cerebral substance. In short, patho- 
logical conditions of the brain all go to show that the intel- 
lectual faculties reside in the cerebral hemispheres. 

As a final argument drawn from pathology, in favor of 
the view just stated, we have only to allude to the size of 
the brain in certain cases of idiocy. Prof. Hammond, in his 
admirable work on " Diseases of the Nervous System," has 
cited several examinations of the brain in idiots, in which 
this organ has been found to be less than one-half of the 
ordinary weight ; as the cases reported by Tiedemann, of 
19|, 25|, and 22^ ounces, in three idiots, whose ages were, 
respectively, sixteen, forty, and fifty years.' A case was 
reported by Mr. Gore, of an idiotic woman, forty-two years 
of age, whose brain weighed ten ounces and five grains ; * 

* Vulpian, Si/stttne nei'vnix, raris, 1866, p. 677. 
' Hammond, Dinfoscs of die KervonB St/sicni, New York, 1871, p. 826. 
' Gore, Xoiice of a case of Min-o-ccphcHy. — Anthropological Rivieit, London, 
1868, No. i., p. 170. 
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and one is reported by Mr. Marshall, of an idiotic boy, twelve 
years old, whose brain weighed but Si ounces/ Mr. Brad- 
ley, in a late number of the Journal of Anatomy and Phys- 
iology^ gives an elaborate description of the brain of an 
idiot, thirty-five years of age, extremely emaciated at the 
time of his death, when he weighed but sixty poimds. The 
encephalon, including the cerebrum, cerebellum, and pons, 
weighed twenty-eight ounces, and the proportion of the 
cerebellum to the cerebrum was as 1 to 5*5. In the healthy 
adult male, of ordinary weight, the encephalon weighs fifty 
ounces, and the proportion of the cerebellum to the cerebrum 
is as 1 to 8^. Mr. Bradley calls attention to the proportion 
of the cerebellum to the cerebrum in this case, stating that 
this is common in the encephalon of idiots.* In idiots, the 
weight of the body is generally much below the normal stand- 
ard ; and in the case reported by Bradley, the proportionate 
weight of the encephalon to that of the entire body is even 
greater than in the healthy adult. If, for example, we double 
the weight of the body and the brain, we would have, for 
one hundred and twenty pounds of weight, an encephalon 
of fifly-six ounces. This point, however, cannot be admitted 
as an argument against the fact that congenital idiocy is 
usually attended with an abnormally small development of 
the hemispheres. Most idiots take little or no exercise ; they 
are under-sized, and have but little muscular vigor ; and it is 
probable that the general development of the body is more 
or less a consequence of the abnormal cerebral condition. 

' Mabshall, Brcdn and Calvarium of a Mtcrocephdle. — Anthropological Re* 
view, London, 1863, No. iL, Appendix, containing the IWnsactions of i/te An- 
thropdogical Society of London^ p. ix. 

' BnADLiT, Description of the Brain of an Idiot.— Journal of Anatomy and 
Fhymology^ Cambridge and London, 1871, vol. vi., p. 67. 

Gratiolet, in an article on microcephaly, states that the development of the 
cerebellum, in proportion to the size of the cerebrum, is enormous, and that 
the reduction in the size of the encephalon is almost exclusively in the cerebral 
hemispheres, (i/emotre sur la microcephalie. — Journal de la phyaioloyie, Paris, 
1860, tomeiii., p. 115.) 
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We might compare the weight of the body in Mr. Bradley's 
ease with that of a child from seven to fourteen years of age : 
and at this period of life, according to the tables compiled 
by Quain, the average weight of the encephalon is 45*96 
ounces, for the male, and 40*78 ounces, for the female/ 

The statements just made with regard to the brains of 
idiots refer to cases characterized by complete absence of in- 
telligence, and furthermore, probably, by very small develop- 
ment of the body. On the other hand, there are instances 
of idiocy, the body being of ordinary size, in which the weight 
of the encephalon is little if any below the average. L^lut 
reports several cases of this kind. In one of these, a deaf- 
mute idiot, forty-three years of age, a little above the ordinaiy 
stature, presenting " idiocy of the lowest degree ; no speech ; 
almost no sign of intelligence ; no care for cleanliness," the 
encephalon weighed 48*32 oz. Other eases of idiots of 
medium stature are given, in which the brain weighed but 
little less than the normal average. * These facts illustrate 
the difficulty of subordinating individual observations to any 
general rule, and this is particularly marked with regard to 
the brain, the structure of which is so complex and difficult 
of investigation. 

Comparatwe Devdcpmervt of the Cerebrtmi in the Lower 
Animals, — ^It is only necessary to refer very briefly to the de- 
velopment of the cerebrum in the lower animals as compared 
with the human subject, to show the connection of the hemi- 
spheres with intelligence. In man, the cerebrum presents an 
immense preponderance in weight over other portions of the 
encephalon ; and in some of the lower animals, the cerebrum 
is even less in weight than the cerebellum. In man, also, not 
only the relative but the absolute weight of the brain is gi*eatcr 
than in lower animals, with but two exceptions. Todd cites 

* Quain, ElemenU ofAnatomy^ London, 1867, vol. ii., p. 569. 

* L6lut, Du poids du ccrveau consider^ dans aes rapports avec le diveloppemeni 
de r intelligence. — Physiologie de lapeiisie^ Paris, 1862, tome ii., p. 808. 
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ft number of observations made upon the brains of elephants, 
in which the weights ranged from nine to ten pounds.* 
Eudolphi gives the weight of the encephalon of a whale, 
seventy-five feet long, as considerably over five pounds." 
With the . exception of these animals, man possesses the 
largest brain in the zoological scale. 

Another interesting point in this connection is the de- 
velopment of cerebral convolutions in certain animals, by 
which the relative amount of gi'ay matter is increased. In 
fishes, reptiles, and birds, the surface of the hemispheres is 
smooth ; but in many mammalia, especially in those remark- 
able for intelligence, the cerebrum presents a greater or less 
number of convolutions, as it does in the human subject." 

Comparing the relative size of the bi'ain, its complexity 
of organization, and the increase of its gray substance by 
convolutions, with the development of intelligence in the 
animal scale, it is so evident that the cerebrum is the seat of 
the intellectual faculties, that this point in our argument 
seems to need no farther discussion. 

Development of the Cerebimm in Different Races of Men 
and in Different Individtcals. — ^It may be stated as a general 
proposition, that in the different races of men, the cerebrum 
is developed in proportion to their intellectual power ; and . 
in difierent individuals of the same race, the same general 
rule obtains. Still, this law presents marked exceptions. 
Certain brains in an inferior race may be largier than the 
average in the superior race ; and it is frequently observed 
that unusual intellectual vigor is coexistent with a small 
brain, and the reverse. These exceptions, however, do not 
take away from the force of the original proposition. As 

' Todd, Cijdopcedia of Anatomy and Phj/iiology^ London, 1839-'4'7, vol. iii., 
p. 664, Article, Nervous Centres. 

* RuDOLPHi, Grundiss der PkysiologiCy Berlin, 1823, 'Bd. ii., Erete Abthei- 
lung, S. 12. 

' Van der Hoeyen, Handbook of Zoology^ Cambridge, 1858, vol. ii., pp. 42, 
227, 358, 696. 
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regards races, the rule is found invariable, when a sufficient 
number of observations are analyzed, and the same holds 
true in comparing a large nimfiber of individuals of the same 
race. Average men have an advantage over average women 
of about six Ounces of cerebral substance ; and, while many 
women are far suj-erior in intellect to many men, such in 
stances are not sufficiently numerous to invalidate the general' 
law, that the greatest amount of intellectual capacity and 
mental vigor goes with the greatest quantity of cerebral sub- 
stance. If we accept the view, which is in every way rea- 
sonable, that the gray substance of the cerebral hemispheres 
is the generator of the mind, it would be necessary, in com- 
paring different individuals with the view of establishing a 
definite relation between brain-substance and intelligence, 
to estimate the amount of gray matter ; but it is not easy 
to see how this can be done with any degree of accuracy. 

It is undoubtedly true that proper training and exercise 
develop and increase the vigor of the intellectual faculties ; 
and that thereby the brain is increased in power, as are the 
muscles, under analogous conditions. This will perhaps ex- 
plain some of the exceptions above indicated ; but an addi- 
tional explanation may be found in differences in the quality 
of brain-substance in different individuals, independently of 
. the size of the cerebral hemispheres. One evidence that 
these differences in the quality of intellectual working matter 
exist is, that some small brains actually accomplish more 
and better work than some large brains. This fact may be 
due to differences in training, to the extraordinary develop- 
ment in some individuals of certain qualities, to intensity 
and pertinacity of purpose, capacity for persistent labor in 
certain directions, a fortunate direction of the mental efforts, 
opportunity and circumstances, etc. But, aside from these 
considerations, there are analogies in the muscular system, 
which render it exceedingly probable that there are impor- 
tant individual differences in the quality of generating ner- 
vous matter. 
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We have in our mind at this moment two persons, in a 
condition of perfect health and muscular development, who 
have devoted about fifteen years to the same kind of athletic 
exercise, but who present the most marked difterences in 
muscular power. One of these has an enormously-developed 
muscular system, the muscles being large and as hard as is 
ever seen. In this individual, the arm over the biceps meas- 
ures seventeen inches in circumference. He can raise from 
the shoulder with the right hand and stand erect with the 
arm straight under a weight of a little less than one hundred 
pounds. The other individual has muscles of about the same 
hardness, but very much smaller. His arm measures over 
the biceps a little more than fourteen inches ; but he can 
raise from the shoulder a weight of one hundred and thirty- 
eight pounds. A third individual can " put up " from the 
shoulder, a dumb-bell of the enormous weight of one hundred 
and eighty-one pounds. This feat we have seen executed, 
and have accurately verified the weight. The gentleman 
referred to, Mr. Eichard A. Pennell, of New York, is not a 
professional gymnast, but is one of the strongest men, in this 
particular exercise, on record, certainly in this country. His 
height is five feet ten inches ; weight, one hundred and 
ninety-five pounds, without clothing; his muscles are large, 
but rather soft. As this exhibition of muscular power is, 
we believe, almost unparalleled, we may state that the weight 
is pushed slowly and gradually from the shoulder, the arm is 
straightened, and the body is brought to an erect position 
under the weight, which is held perfectly balanced in the 
right hand for several seconds. Less striking examples of 
such difierences in muscular quality are innumerable, and 
must have been observed by those interested in athletic exer- 
cise ; and in view of this, it seems not only possible but prob- 
able, that the generating portion of the nervous system pos- 
sesses analogous differences in quality in different persons. 

In concluding this portion of our argument, we present 
kt table of an exceedingly interesting series of observations 
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of the comparative weights of the enccphalon in the Cauca- 
sian, tne negro, and the intermediate grades produced by the 
union of the two races. The observations in this table are 
liardly suflScient in number to establish the exact relations 
between the brains in the different grades of color, but they 
illustrate points of peculiar interest in this country, where 
the blacks are so numerous, n^vl where the union of the two 
races, white and black, is so common. As far as the re- 
sults go, they are in decided opposition to those given by 
Tiedemann, in his remarkable memoir on the brain of the 
negro.' 

We also give a list of some of the well-authenticated 
weights of the encephalon in men whose intellectual faculties 
had been observed during life.' This Latter list we have pre- 
pared with great care, and have introduced some observa- 
tions not found in the works on physiology. In estimating 
the intellectual power of individuals, it is diflScult to arrive 
at exact conclusions, except with regard to men of acknowl- 
edged eminence. Still, the statements are as accurate as 
possible, and must be taken for what they are worth. Sev- 
eral of the examples given in this list are marked exceptions 
to the general rule, that the mental vigor is in proportion to 
the development of brain-substance.* 

' TiEDESfANN, Daa Him deg Ncgers, Heidelberg, 1837. 

' We have not considered it necessary to enter into a discussion of the rela- 
tions of the facial angle to intelligence, in the lower animals and in diiferent 
races of men. It was proposed by Camper to take the angle made at the junc- 
tion of two lines, one drawn from the most projectmg part of the forehead to 
the alveolae of the teeth of the upper jaw, and another passing horizontally back- 
ward from the lower extremity of the first line, as the facial angle. This angle 
is, to a certain extent, a measure of the projection of the anterior lobes of the 
brain. Numerous observations upon the facial angle in different races were 
made by Camper and other physiologists and ethnologists. They show, in gen- 
eral terms, that the angle is larger in man than in any of the inferior animals, and 
is largest in those races that possess the greatest development of intellectual 
power. (Camper, DUaertatum physique $ur les differences ritUes que pretmfffU 
lee traits dn visage^ etc., Autrecht, 1791. Broca, 8ur Vangle facial ct le trian^ 
facial — Memoires d'anUiropologie^ Paris, 1871, tome i., p. 110.) 
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Ethnological Tdble^ derived from 405 Autopsies of White and Negro 
Brains, Made under the direction of Surgeon Ira RusseU^ Wth 
Massachusetts Volunteers,^ 
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Table of Weights of the Encephalon^ in ounces^ av., in TndividualSy in 
some of whom the Degree of Intelligence is more or less accurately 
known. 

1. Cromwell,^ aged 59 (not accepted by physiologists) . . . 82'29 oz. 

2. Byron,' aged 86 (not accepted by physiologists) .... 79-00 " 

8. Cuvier, aged 63 64-38 " 

4. Abercrombie, aged 63 63 00 " 



' Sanford B. Hunt, The Negro as a Soldier, — Quarterly Journal of Psycho- 
logical MedicinCy New York, 1867, vol. i., p. 182. 

• Weight taken from Waonir, Fonciions du cerveau. — Journal de la phy- 
siologte, Paris, 1861, tome iv., p. 556. Soenmierring {De Corporis Humani 
FabricGy Trajecti ad Moenum, 1798, tomus iv., p. •88) states that he examined 
the skull of Cromwell, and thinks, from the size of the cranial cavity, that the 
weight of the brain ordinarily given must be inaccurate. 

• Dissection of Lord Byron. — Medico- Chirurgical Review^ London, 1825, vol. 
.1 (American Reprint), p. 164. The statement is quoted from the Gazette de 
tanUy 25 August, 1824, that ^''Ihe cerebrum and cerebellum weighed six medi- 
cinal poundsJ'^ This equals 79 oz. av., less 25 grains. This statement is made 
on the authority of Dr. Bruno, and is certainly inaccurate, especially as many 
biographers of Byron state that his head was unusually small. 
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6. Riiloff, aged 63 ; above medium stature ; executed for murder, in 
1871 ; well yersed in languages, imagining that he had dis- 
eoTered new and important principles in philology . . . 59*00 oi 

6. James Fisk, Jr./ aged 37 ; killed in New York, in 1872 ; illiterate, 

but said to possess great executive ability ; notorious for co- 
lossal and unscrupulous financial speculations . . . 58*00 " 

7. Spurzheim . 65-06 " 

8. Adult man ; * an idiot since two years of age .... 54'95 " 

9. Laborer,* aged 22; died of fracture of the pelvis . . . 68-79 " 

10. Daniel Webster, aged 70 63-50 " 

11. Celebrated mathematician,* aged 54; above the ordinary stature 63*41 " 

12. Executed criminal,' aged 45 ; medium stature; of less than ordi- 

nary intelligence, and uncultivated 63*12 ** 

13. Celebrated clinical professor,' aged 62 ; medium stature . . 52*88 " 

14. Mathematician of the first rank,* aged 78 ; medium stature ' . 52*62 " 
16. Executed criminal,' aged 84 ; rather large in stature ; ordinary in- 
telligence, but singular, and somewhat cultivated . . . 60-09 '* 

16. Dupuytren, aged 58 49*68 " 

17. Day-laborer,* aged 49 48-86 " 

18. Executed criminal,' aged 29 ; medium stature ; of scarcely ordi- 

nary intelligence, and uncultivated 48*81 ^* 

19. Executed criminal,^ aged 42 ; a little above medium stature ; in- 

telligence fine, developed, and slightly cultivated . . . 48*81 ** 

20. Idiot, of a very low degree of intelligence ; * aged 37 ; a little above 

medium stature ; movements very active .... 48*67 " 

21. Deaf-mute,^ aged 43 ; a little above medium stature ; an idiot, of 

the lowest degree of intelligence 48*82 " 

22. Executed criminal,^ aged 46 ; medium stature ; of ordinary intelli- 

gence, uncultivated, but proud and vivacious . . . 48*14 " 

23. Man, slightly imbecile,^ aged 67 ; medium stature . . . 48*14 ** 

24. Man about 60 years of age » 48*14" 

25. Celebrated philologist,* aged 64 ; 6 feet 7^ inches tall . . 47*90 " 

26. Executed criminal,^ aged 34 ; small stature ; intelligence developed 

and cultivated 47*79 " 

27. Man, about 24 years of age ; * died of aortic insuflSciency . . 47*69 *' 

28. Day-laborer,* aged 61 47*44 " 

29. Man 84 years of age;* died of pneumonia 47*26 ** 



* This is taken from the official report of the autopsy of James Fisk, Jr., by 
Dr. E. T. T. Marsh, deputy coroner, on file in the office of the district attorney, 
in the city of New York. The cerebrum weighed 61 ounces ; the cerebellum, 
6 oz., and the pons, 1 oz. 

* Wagner, Journal de la phynologiey Paris, 1861, tome iv., p. 658. 

' L6lut, PhysiologU de la pensSe^ Paris, 1862, tome il, pp. 804-310. 

* Li^LUT, loe.ciL * Wagner, loc, eU. 
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80. Brigand and assassin,* aged 32 ; beheaded 46*91 oz. 

31. Idiot of the lowest degree of intelligence,' aged 24 ; medium stature 46*66 ** 
82. Executed criminal,' aged 21 ; medium stature ; of ordinary and 

uncultivated intelligence 46*21 " 

88. Executed criminal,' aged 40 ; at least of medium stature ; intelli- 

gence developed and cultivated 46*21 ** 

84. RaiUK)ad laborer,* aged 23 . . . . ' . . . . 46*21 " 
36. Executed criminal,' aged 29; intelligence hardly ordinary, and 

uncultivated 4660 " 

86. Wood-cutter,* aged 67; died of vertebral caries . , , 44*90 " 

87. Idiot, below the condition of a brute ; ' aged 39 ... 44*30 ** 
38. Imbecile, with difficulty in movements ; ' aged 67 ; intelligence 

correct, notwithstanding its slight development . . . 43*66 ** 

89. Man, 34 years of age ; * died of phthisis 43*38 ** 

40. Celebrated mineralogist,* aged 77 ; above medium stature . . 43*24 " 

41. Executed criminal,' aged 31; small stature; intelligence mobile 

and exaggerated 42*04 " 

42. Upholsterer,* aged 60 ; died of phthisis 40*91 " 

43. Imbecile,' aged 23 ; Urge stature 38*97 " 

44. Idiot, of the lowest degree of intelligence ; ' aged 46 ; medium 

stature 36*86 " 

45. Man, 46 years of age;' idiocy very profound ; very large stature 86*15 " 

46. Man, 44 years of age ; ' idiocy very profound ; a little below me- 

dium stature .... ...'.. 34*89 " 

In compiling the foregoing table, we have in every in- 
stance consulted the authentic reports of the weights of the 
brain, and have reduced them all to ounces av. with the 
greatest care. This was found necessary, on account of the 
important variations in the reports quoted by different phys- 
iological authors, especially as regards the brains of Cuvier, 
Webster, and Dupuytren. We believe that our figures arc 
absolutely correct. The weights of the brains of Cromwell 
and Byron are given, but there can be hardly any question 
that they are grossly exaggerated. 

In the report of the autopsy of Cuvier, the weight of the 
brain is given as ^'trois Iwi^ea onze onces qudtres ffros et 
demiP ' Cuvier died in 1832, and the weight is in the old 

' AVaqner, loc, eit. ' * Lklut, he, cit. 

' Note 8ur la maladie ei la mort de O. Cuvier. — Archives ffSnh'olea de mede- 
tinCy Paris, 1832, tome xxix., p. 144. 
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poids de marc^'^ * the livre = 7,561 troy grains. The weight 
above given, reduced to ounces av., = 64-33. 

The weight of the brain of Abercrombie is taken from 
the original report furnished by Dr. Adam Hunter.' The 
weight of the brain of Kuloff is taken from a full report of 
the autopsy in the Psychological Journal^ The weight of 
the brain of James Fisk, Jr., was furnished by Dr. Edward 
T. T. Marsh, Deputy Coroner of New York, who conducted 
the autopsy.* The weight of Spurzheim's brain was taken 
from the Medico-CTiirurgical Heview.* 

The report of Daniel Webstei^'s brain is certainly a cmi- 
osity in scientific literature. In the account of the autopsy, 
by Dr. Jeffries, of Boston, the actual weight of the enceph- 
alon, taken by that most accurate and reliable observer, Dr. 
Jeffries "Wyman, was 53*5 oz. av. It is stated, however, by 
Dr.' Jeffries, that " the weight of the brain deviated much 
less from the average than the measurements ; it was en- 
tirely out of proportion to the unusual dimensions of the 
cranial cavity. . . . Both serum and lymph, there can be no 
doubt, encroached upon and occupied the space once filled 
with cerebral substance. The weight given above, there- 
fore, cannot be regarded as being equal to the weight of the 
brain in a state of health." To supply this hypothetical de- 
ficiency in cerebral substance in this remarkable man. Dr. 
Jeffries, aided by Prof. Treadwell, of Cambridge, makes an 

'In 1812, by a ministerial decree, the livre was fixed at 500 grammes, in- 
stead of 489*5 grammes, the equivalent of the livre poids de marc ; but the old 
weight was generally in use in 1832, and all of the calculations, both for Cuvier 
and Dupuytren, are from the poida de marc. As far as we can ascertain, the 
livre of 500 grammes was little used, and should not be taken, unless expressly 
stated. 

* Account of the late Dr, Abercrombie. — Edinburgh Medical and Surgieal 
Journal, Edinburgh, 1846, vol Ixiii., p. 448. 

• Burr, Medico-legal Note* on the Case of Edward H, Ruloff. — Journal of Psy* 
chological Medicine, New York, 1871, vol. v., p. 738. 

* Written communication from Dr. Marsh. 

• The Skull of Spurzheim, — Medico- Chirurffical JUview, London, 1886, New 
Series, vol xxv. (American Reprint), p. 448. 
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approximative calculation, based upon the cranial capacity, 
the specific gravity of the brain (according to Cruveilhier, 
and not the actual specific gravity of the brain examined), 
and arrives at the conclusion that " Mr. Webster's brain will 
be found to rank among those whose brains are generally 
cited as instances of remarkable size." The brain of Cuvier 
is then given as weighing 64J oz. ; Webster, 63f oz. ; and 
Abercrombie, 63 oz. It is impossible to avoid the suspicion, 
in reading this report, that an attempt is made to make the 
weight of the brain accord with the acknowledged remark- 
able intellectual power of Mr. Webster, as well as the un- 
usual cranial capacity.* 

The account of Dupuytren's brain, the weight of which 
is often misquoted by authors, is taken from the official re- 
port of the autopsy, published in the Bevue medicdle. The 
encephalon weighed 2 Uv7'eSy 14 onces. Taking this fisj^oids 
de marc^ the weight is 49*68 oz. av.* 

The other weights given in the table are taken from 
li^lut * and Wagner.* 

A careful study of the weights given in the preceding 
table shows the impossibility of applying to individuals an 
absolute rule that the greatest brain-power is connected with 
the greatest amoimt of brain-substance. The men of acknowl- 
edged intellectual ability in the table are, Cuvier, Abercrom- 
bie, Spurzheim, Webster, Dupuytren, and those cited by 
Wagner as celebrated mathematicians, professors, etc. Cu- 
vier and Abercrombie stand at the head of the list, as re- 
gards the weight of the brain ; but above Webster and 
Dupuytren, arc Eulofi^, Fisk, an idiot, and a common labor- 
er. Far down in the list, is a celebrated mineralogist, whose 
brain is at least six ounces below the average. The ad- 

* John Jeffries, An Account of the last lUness of the laie Honourable Daniel 
Websi^. — American Journal of tJie Medical Sciences^ Philadelphia, 1853, New 
Series, vol. xxv., p. IIV, ef seq, 

' Cruveilhier, Husson, Bouillaud, Proch-verbal de Vouveriure du corps de 
M. Dupuytren. — Hevue medicale^ Paris, 1886, tome i., p. 287. 

• Loc. cit. * Loc. ciL 
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vanced age of the person refeiTed to, seventy-seven years, 
would not account for the small weight of the brain, though 
the weight is undoubtedly diminished in old persons. We 
are not surprised, then, in the tables based upon observa- 
tions of thousands of healthy brains of men not remarkable 
for great intellect, to find many between fifty-five and sixty 
ounces in weight. 

As the general result of all the observations upon the 
human subject, while we admit that intellectual vigor is in 
general coincident with large development of the cerebral 
hemispheres, there are certainly many striking exceptions to 
this rule when it is applied to individuals. 

Location of the Faculty of ArtiouUite Languo/ge in a Re- 
stricted Portion of the Anterior Cerebral Lobes, — ^Physiolo- 
gists are often slow to accept important facts bearing directly 
upon the functions of parts, drawn exclusively from pathol- 
ogy, especially when these facts are not capable of demon- 
stration by experiments upon the lower animals ; and per- 
haps this is due to a certain distrust of the accuracy of 
pathological researches as compared with the exact results 
of weU-exccuted experimental observations. As regards the 
faculty of speech, however, our study must be confined to 
man, the only animal capable of articulate language, and our 
data are drawn exclusively from pathology. Some physio- 
logical writers are still disposed to regard the location of 
the faculty of speech as not definitively settled ; but, from a 
careful study of the pathology of aphasia, we are convinced 
that there is no point in the physiology of the brain more 
exactly determined than that the faculty of speech is located 
in a well-defined and restricted portion of the anterior lobes. 
This is the more interesting and important, as it is the only 
sharply-defined faculty that has been accurately located in a 
distinct portion of the brain. 

We do not propose to enter fully into the history of 
aphasia, as this belongs to pathology. In the companion- 
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treatise to this volume, Hammond on the " Diseases of the 
Nervous System," the chapter on aphasia not only contains 
a full historical account of the disease, but is enriched by 
numerous original observations of the most striking char- 
acter. The profound acquirements of Dr. Hammond as a 
physiologist, and his skill as an original investigator in this 
department, lend additional weight to his deductions. In 
our references to the bibliography of the subject, we shall 
make use of the labors of Dr. Hammond, by whom the lit- 
erature has been exhaustively studied.' 

Dr. Hammond states that " by aphasia is imderstood a 
condition produced by an affection of the brain by which the 
idea of language, or of its expression, is impaired." Certain 
cases of this disease present loss of speech because the sub- 
ject is incapable of coordinating the muscles used in articu- 
lation. The patient has a clear idea of language and of the 
meaning of words, and is able to write perfectly well. In 
other cases, the patient can neither speak nor express ideas 
in writing. In these, the idea of language is lost. In both 
of these varieties of the disease, the difficulty is cither in the 
organ presiding over the faculty of speech or in the connec- 
tions of tliis organ with the muscles concerned in articula- 
tion. Thus regarded, aphasia does not include aphonia from 
laryngeal disease, or loss of speech such as is observed fre- 
quently in hysteria, in the insane, who sometimes refuse to 
speak from pure obstinacy, or in cases of paralysis of tho 
parts immediately concerned in articulation. The whole 
history of tlie disease points to a particular part of the brain 
which presides over the faculty of speech. 

"While we do not propose to treat of the history of apha- 
sia, we cannot refrain from quoting a case, detailed in 1766, 
by Pourfour du Petit, which possesses great historical inter- 
est, as one of the first, if not the very first, in which the 
symptoms now recognized as aphasic were connected with 
disease of the left anterior cerebral lobe. Wc quote this 

* Hammond, Dheases of i/ie Xcrvous S^/stem, New York, 1871, p. 166, d seq, 
128 
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case in full, because it seems to have escaped the attention 
of writers on aphasia : 

" Some time after I had made the experiments which I 
have just reported, a cavalryman of the gamson, aged thirty- 
five years, was brought into our hospital. He had been 
seized the day before with paralysi^ of the entire right side, 
which had occurred after a slight pleurisy, from which he 
had recovered ; he could move neither the arm, nor the right 
leg, nor could he maintain himself in his seat. The lower 
jaw was not distorted; he opened and closed the mouth 
with facility. He could move the tongue only with a great 
deal of difficulty, and could not protrude it from the mouth, 
nor pronounce any word. 

"The right eye seemed dimmed, and its sight was en- 
tirely lost, which I recognized, because, in presenting the 
finger, or a stick, very near this eye, he made no movement 
of the lid. But as soon as I touched the eye, he closed the 
lid. When I presented the finger or a stick to the left eye, 
he immediately closed it, though it was not touched. 

" He retained sensation on the paralyzed side as well as 
on the sound side. 

" A month after he had entered the hospital, he moved 
the tongue pretty easily, and even protruded it a little from 
the mouth, but he could pronounce nothing but non. 

"He was attacked with scurvy fifteen days after, and 
with abdominal fiux, from which he died two months after 
his entrance into the hospital, not being relieved by any 
remedies. 

" His judgment was always perfectly normal during his 
disease, and he had no convulsive movements. 

" After death I removed the brain and spinal cord. I be- 
gan by dissecting the spinal cord, in which I found nothing 
abnormal, nor in the right side of the brain. But I found 
on the left side, the entire anterior protuberance which con- 
tains the internal and superior corpora striata {corps oannele%)y 
the middle and the external or inferior, dissolved and con- 
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verted into a substance resembling the lees of wine. It did 
not appear that this part had been swollen, and that it had 
become larger than natural. 

"Neither the optic thalami nor the optic nerves were 
injured." * 

The great interest of this case will appear when we come 
to note the connection between aphasia and the left anterior 
lobe of the cerebrum. 

As a preliminary to the location of the nerve-centre pre- 
siding exclusively over speech, it is necessary to establish the 
existence of the power of articulate language as a distinct 
faculty ; and this is done by cases of disease in which this 
faculty seems to be lost, the general mental condition being 
unaffected. Passing over the passages in the writings of the 
ancients, in which it is stated that the power of speech is 
sometimes lost, and even some writers in the beginning of 
the present century, who connected thisdiflSculty with lesions 
of the anterior lobes of the brain, we come to the observa- 
tions of Dr. Marc Dax, who, in 1836, read a paper before 
the medical congress at Montpellier, in which he showed im- 
pairment or loss of speech in one hundred and forty cases of 
right hemiplegia. Dax concluded, from these observations, 
that the faculty of articulate language occupies the left ante- 
rior lobe. This memoir, however, attracted but little atten- 
tion, until 1861, when the discussion was renewed by Broca ; 
and since then, Broca, Aubertin, Charcot, Falret, Perroud, 
and Trousseau, have reported numerous cases of aphasia 
with lesion of the left anterior lobe. In 1863, M. G. Dax, 
a son of Marc Dax, limited the lesion to the anterior and 
middle part of the left anterior lobe. It was further stated, 
by Broca and Hughlings Jackson, to be that portion of the 
brain nourished by the left middle cerebral artery. This 
subject has been more lately investigated by Sanders, Moxon, 
Ogle, Bateman, Bastian, Yon Benedict, Bmunwart, and 

* PouRPOUB DU Pefit, Nouveau BytUme du cerveau. — Rccueil d^observaticn* 
iTanatomie et de chirurgie^ Paria, 1766^ p. 74. 
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by A. Flint, H. B. Wilbur, E. C. Seguin, and others, in 
this country. According to recent observers, the most fre- 
quent lesion in aphasia is in the parts supplied by the left 
middle cerebral artery, particularly the lobe of the insula, 
or the island of Eeil ; and it is a curious fact that this part is 
found only in man and monkeys, being in the latter very 
slightly developed. While we must agree with Dr. Ham- 
mond in the statement that the organ of language cannot 
be absolutely restricted to these parts, it is none the less 
certain that they are most frequently the seat of lesion in 
aphasia. 

As illustrating the loss of the faculty of speech without 
any marked impairment of the intellectual faculties, we can 
cite* numerous cases recorded by Dr. Hammond. A woman 
is described as presenting a countenance remarkably bright 
and cheerful, her whole expression being exceedingly intelli- 
gent. " She comprehends every word that is said to her, 
and attends to all her household duties. Yet she is unable 
to utter any words but ^no,' ^yes,' and *dado,'"* Other 
cases are given, in which the intellect seemed to be clear, but 
in some, the faculty of speech was lost, and in others, both 
the faculty of speech and of writing. One case reported by 
Dr. Hammond is so striking that we give it in fiill : 

" The patient was a retired officer of the army, and con- 
sulted me in the autumn of 1869 for paralysis, vertigo, and 
slight difficulty of speaking, from which he had suffered for. 
some months. Several years previously he had been under 
the care of my friend Dr. Metcalfe, for acute rheumatism, 
with cardiac complications. - The history of the case pointed 
strongly to embolism, and, as the paralysis affected the right 
side,.! diagnosticated a previous attack of embolism of the 
left middle cerebral artery. 

" The difficulty of speech was slight ; there were both 
amnesic and ataxic aphasia. 

"Under the treatment employed he improved very much 

» Op. cU., p. 210. 
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in the ability to walk, to use his arm, and to speak, so much 
60, that he and his friends considered hira better than ho 
had been for several years. But, about six weeks after he 
came under my charge, he had another attack. This time 
the left side was paralyzed, and there was no difficulty of 
speech. GWvanism was employed, as before, and he recov- 
ered sufficiently to go to Washington City. While there, 
he had a third attack, characterized by right hemiplegia and 
aphasia. He soon recovered his power of speech, and soon 
afterward had a further attack, involving the left side, and 
unattended by aphasia. He recovered under the care of 
Dr. Basil Norris, of the army, and soon afterward came 
again to New York. A short time after his arrival I re- 
quested my friend Prof. Flint to see him in consultation, 
with the special view of having him examine his heart. 
This was done with thoroughness, but no abnormal sounds 
were detected. While in New York he had two other at- 
tacks, during both of which he was delirious ; both were 
characterized by hemiplegia. That of the left side was un- 
accompanied by aberrations of language ; that of the right 
side was attended with ataxic and amnesic aphasia. He for- 
got the names of the most' ordinary. things, and there were 
many words that he could not articulate at all. Thus, when 
he wanted a fan, he .called it *a large, flat thing, to make 
wdnd with.' He forgot my name, and could not pronounce 
the words beetle, general, physician, and many others. I 
sent him to Newport greatly improved, but he had other 
attacks there, and finally died in the autumn of the present 
year, of, I presume, cerebral softening. 

" The interesting features of this case are the concurrence 
of hemiplegia and ataxic and annesic aphasia, and the strik- 
ing fact that there was no aphasia when the paralysis in- 
volved the left side. Thus, according to my views of the 
case, the patient had repeated attacks of cerebral embolism. 
When the embolus lodged in the left middle cerebral artery, 
there was aphasia accompanied by right hemiplegia ; when 
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the embolus obstructed the right middle cerebral artery, 
there was left hemiplegia, but no aphasia." * 

An analysis of a large number of cases of aphasia re- 
corded by diflTerent observers shows that the great majority 
occur in connection with right hemiplegia. Dr. Hammond 
quotes 243 cases with right, against 17 cases with left hemi- 
plegia. In cases verified by post-mortem examination, 514 
occurred when the lesion involved the left, and 31, when it 
involved the right anterior lobe. Dr. Hammond cites ad<ii- 
tional cases,- in 80 of which the lesion involved the left lobe, 
and in 2, the right lobe. 

While the above fects show that the cerebral lesion in 
^hasia involves the left anterior lobe in the great majority of 
cases, there are several instances in which the right lobe alone 
was affected ; and this has led physiologists and pathologists 
to deny the absolute location of the organ of language on the 
left side. Even if we reject a certain number of cases of 
aphasia with the brain-lesion limited to the right side, in 
which we may suppose that the post-mortem examinations 
were incomplete, or the impairment of speech was due, per- 
haps, to simple paralysis of muscles, we must admit that, in 
a few instances, aphasia has followed injury or disease of the 
brain on the right side. Aside from the anatomical arrange- 
ment of the arteries, which seem to ftirnish the greater 
amount of blood to the left hemisphere, it is evident that, 
as far as voluntary movements are concerned, the right 
hand, foot, eye, etc., are used in preference to the left ; and 
that the motor functions of the left hemisphere are superior 
in activity to those of the right. It would be interesting, 
then, to note the physical peculiarities of persons affected 
with left hemiplegia and aphasia. Dr. Bateman quotes two 
cases of aphasia dependent upon lesion of the right side of 
the brain and consequent left hemiplegia, in which the per- 
sons were left-handed ; * and these, few as they are, are in- 
teresting, as showing that a person may use the right side 

" Haicmond, op, «(., p. 215. « Bateman, On Aphasia^ London, 1870, p. 164. 
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of the brain in speech, as in the other motor functions. In 
this connection, it may not be uninteresting to note that, 
although most anatomists have failed to find any marked 
difference in the weight of the two cerebral hemispheres. 
Dr. Boyd has shown by an " examination of nearly two hun- 
dred cases at St. Marylebone, in which the hemispheres were 
weighed separately, that almost invariably the weight of the 
left exceeded that of the right by at least the eighth of an 
ounce." * To conclude our citations of pathological facts bear- 
ing upon the location in the brain of the organ of speech, 
we may refer to an accoimt, by Dr. Broadbent, of the brain 
of a deaf and dumb woman. In this case, the brain was 
found to be of about the usual weight, but the left third 
frontal convolution was of " comparatively small size and 
simple character." * 

Taking into consideration all of the pathological facts 
bearing upon the subject, it seems certain that, in the great 
majority of persons, the organ or paii; presiding over the 
feculty of articulate language is situated at or near the third 
frontal convolution and the island of Eeil in the left anterior 
lobe of the cerebrum, and mainly in the parts nourished by 
the middle cerebral artery. In some few instances, the or- 
gan seems to be located in the corresponding part on the 
right side. It is possible that, originally, both sides preside 
over speech, and the superiority of the left lobe of the brain 
over the right and its more constant use by preference in 
right-handed persons may lead to a gradual abolition of the 
functions of the right side of the brain, in connection with 
speech, simply from disuse. This view, however, is hypo- 
thetical, but is rendered probable by certain considerations, 
among the most important of which is the statement by 

* BoTD, Table of the WeighU of the Human Body and Internal OrganM. — 
PKilotophical TramaetionSy London, 1861, vol. cli., part I, p. 261. 

' Broadbknt, On the Cerebral Convolutions of a Deaf and Dumb TVbmaw.— 
Journal of Anatomy and Fhynolo^y Cambridge and London, 1870, toL It., p. 
225. 
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Longet, that " one cerebral hemisphere in a healthy con- 
dition may suffice for the exercise of intelligence and the ex- 
ternal senses." In support of this statement, Longet cites 
several cases of serious injury of one hemisphere without 
impairment of the intellect.* 

Another very important point, which we believe had 
never before been noted, is brought forward very strongly 
by Dr. Hammond. In what is called the ataxic form of 
aphasia, the idea and memory of words are intact, and there 
is simply loss of speech from inability to coordinate the mus- 
cles concerned in articulate language. Patients affected in 
this way cannot speak, but can write with ease and correct- 
ness. In the amnesic form of the disease, the idea and 
memory of language are lost; patients cannot speak, and are 
affected with agraphia, or inability to write. In cases in 
which hemiplegia is marked, the aphasia is of the ataxic 
form ; while in cases in which there is no hemiplegia, the 
aphasia is amnesic. 

" The gray matter of the lobes presides over the idea of 
language, and hence over the memory of words. When it 
only is involved, there is no hemiplegia, and there is no dif- 
ficulty of articulation. The trouble is altogether as regards 
the memory of words. 

" The corpus striatum contains the fibres which come from 
the anterior column of the spinal cord, and is besides con- 
nected with the hemisphere. A lesion, therefore, of this 
ganglion, or other part of the motor tract, causes paralysis 
of motion on the opposite side of the body. The cases I 
have detailed show, without exception, that the power of 
coordinating the muscles of speech is directly associated 
with this hemiplegia. A lesion, therefore, followed by hemi- 
plegia and ataxic aphasia, indicates the motor tract as the 
seat. K amnesic aphasia is also present, the hemisphere is 
ikewise involved." * 

* LoMQET, AncUomie et phy»iologie du tn/sthne nerveuxy Paris, 1842, tome i., p. 
666, et 8eq. « Hammond, op, ciL^ p. 21Y. 
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CHAPTER Xm. 

THE OEREBELLUH. 

Some points in the physiological anatomy of the cerebellum— Course of the 
fibres in the cerebellum — General properties of the cerebellum — ^Functions 
of the cerebellum — Extirpation of the cerebellum in animals — Incomplete 
extirpation of the cerebellum — Pathological facts bearing upon the func- 
tions of the cerebellum — ^AndraPs cases — Other cases of disease of the 
cerebellum — Connection of the cerebellum with the generative function- 
Development of the cerebellum in the lower animals — ^Paralysis from disease 
or injury of the cerebellum. 

It is not necessary, in order to comprehend the functions 
of the cerebellum, as far as these are known, to enter into a 
full description of its anatomical characters. The points, in 
this connection, that are most interesting to us as physiolo- 
gists are, the division of the substance 9f the cerebellum into 
gray and white matter ; the connection between the cells 
and fibres ; the connection of the fibres with the cerebrum, 
and with the prolongations of the columns of the spinal 
cord ; and the passage of fibres between the two lateral 
lobes. These points, therefore, will be the only ones that 
will engage our attention. 

Smne Points in the PhjBiological Anatomy of the Cere- 

helium. 

As we have seen, in treating of the general arrangement 
of the cncephalon, the cerebellum, situated beneath the pos- 
terior lobes of the cerebrum, weighs about 5-20 ounces av. 
in the male, and 4*70 ounces in the female. . The propor- 
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tionate weight to that of the cerebrum is as 1 to 84^ in the 
male, and as 1 to SJ in the female. It is separated from the 
cerebrum by a strong process of the dura mater, called the 
tentorium. Like the cerebrum, the cerebellum presents an 
external layer of gray matter, the interior being formed of 
white, or fibrous nerve-tissue. The amount of the gray sub- 
stance is very much increased by numerous fine convolu- 
tions, and is farther extended by the penetration, from the 
surface, of arborescent processes of gray matter. Near the 
centre of each lateral lobe, embedded in the white substance, 
is an irregularly dentated mass of cellular matter, called the 
corpus dentatum. The cerebellar convolutions are more 
numerous, and the gray substance is deeper, than in the 
cerebrum ; and these convolutions are present in many of 
the inferior animals in which the surface of the cerebrum is 
smooth. 

The cerebellum consists of two lateral hemispheres, more 
largely developed in man than in the inferior animals, and a 
median lobe. The hemispheres are subdivided into smaller 
lobes, which it is unnecessary to describe. Beneath the 
cerebellum, bounded in front and below by the medulla 
oblongata and pons, laterally by the superior peduncles, and 
superiorly by the cerebellimi itself, is a lozenge-shaped 
cavity, called the fourth ventricle. The crura, or peduncles 
will be described in connection with the direction of the 
fibres. 

The structure of the gray substance of the convolutions 
presents certain peculiarities. This portion is divided quite 
distinctly into an internal and an external layer. The inter- 
nal layer presents an exceedingly delicate net-work of fine 
nerve-fibres, which pass to the cells of the external layer. 
In the plexus of anastomosing fibres, are found nimier- 
ous bodies like free nuclei, called by Eobin, myelocytes. 
The external layer is somewhat like the external layer of gray 
substance on the posterior lobes of the cerebrum, and is 
more or less sharply divided into two or more secondary 
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layers. The most external portion of this layer contains a 
few small nerve-cells and fine filaments of connective tissue ; 
and the rest of the layer contains a great nmnber of large 
cells, rounded or ovoid, with two or three, and sometimes, 
though rarely, four prolongations.* The mode of connection 
between the merve-cells and the fibres has already been de- 
scribed under the head of the general structure of the nervous 
system.* 

Course of the Fibres m the Cerebellum, — ^Most anatomical 
writers give a very simple description of the course of the 
nerve-fibres in the cerebellum. From the gray substance 
of the convolutions and their prolongations, the fibres con- 
verge to form finally the three crura, or peduncles on each 
' side. The superior peduncles pass forward and upward to 
the crura cerebri and the optic thalami. These connect the 
cerebellum with the cerebrum. Beneath the tubercular quad- 
rigemina, some of these fibres decussate with the corre- 
sponding fibres upon the opposite side ; so that certain of 
the fibres of the superior peduncles pass to the corresponding 
side of the cerebrum, and others pass to the cerebral hemi- 
sphere of the opposite side. 

The middle peduncles arise from the lateral hemispheres 
of the cerebellum, pass to the pons Varolii, where they de- 
cussate, connecting together the two sides of the cerebellum. 

The inferior peduncles pass to the medulla oblongata, 
and are continuous with the restiform bodies, which, in turn, 
are continuations chiefly of the posterior columns of the 
spinal cord. 

According to Luys, the fibres from the cortical substance 
of the cerebellum aU pass to the corpora dentata and there 
terminate, being connected with the cells. From the cor- 
pora dentata, new fibres arise, which go to form the cerebel- 
lar peduncles. Luys does not admit the existence of com- 

' koLLiRi^ £UmenU d'hulologie kumaine, Parifl, 1868, p. 88Y, e( 9eq, 
* See page 50. 
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missural fibres connecting the two lateral halves of the 
cerebellum, and assumes that the decussation between the 
two sides takes place through a special system of decussating 
prolongations from the cells of the cortical substance, which 
he calls " intercortical commissural fibres." * This view, 
however, is not adopted by the best anatomists ; but nearly 
all agree that new fibres arise from the cells of the corpora 
dentata and contribute to the formation of the peduncles. 

From the above sketch, the physiological significance of 
the direction of the fibres, as appears from the most reliable 
and generally-accepted anatomical investigations, is suffi- 
ciently evident. By the superior peduncles, the cerebellum 
is connected, as are all of the encephalic ganglia, with the 
cerebrum ; by the middle peduncles, the two lateral halves 
of the cerebellum are intimately connected with each other;* 
and by the inferior peduncles, the cerebellum is connected 
with the posterior columns of the spinal cord. We shall 
see, when we come to study the functions of the cerebellum, 
that its connection with the posterior white columns of the 
cord is a point of great interest and importance. 

General Projpertiea of the Cerebellum, — There is now 
no difference of opinion among physiologists, with regard to 
the general properties of the cerebellum. We may safely 
discard the observations of Zinn and Haller upon this point, 
for these experimenters, who conceived that irritation of the 
cerebellum produced convulsive movements,* undoubtedly 
stimulated portions of the medulla oblongata ; at least, this 
must be assumed, if we accept the results of the more recent 
experiments of Flourens, Longet, and many others. Flou- 
rens, who made the first elaborate and entirely satis&ctory 
observations upon the cerebellimi in living animals, noted, 

^ LuYS, Reclierchea Bur le ayst^me nervenx cerebro-tpvialy Paris, 1865, p. 126, 
<t aeq. 

^ Haller, Mimoires sur la nature teruible ei irritable des parliet du eorp9 
animal, Lausanne, 1756, p. 208. 
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n all of his experimentSj that lesion or irritation of the cere- 
bellum alone produced neither pain nor convulsions ; * and 
the same results have followed the observations of Longet* 
and of all modem physiologists who have investigated this 
question practically. We have ourselves frequently exposed 
and mutilated the* cerebellum in pigeons, and have never 
observed any evidence of excitability or sensibility. From 
these facts, we must conclude that the cerebellum is inex- 
citable and insensible to direct stimulation, at least as far as 
has been shown by direct observations. It is not impossi- 
ble, however, that future experiments may reverse this gen- 
erally-received opinion ; particularly in view of the recent ob- 
servations of Fritsch and Hitzig, already cited,' which show 
that certain parts of the cerebrum are excitable, and that the 
excitability of the encephalic centres rapidly disappears in 
living animals, as the result of pain and hsemorrhage. Wo 
should note, also, the experiments of Budge, who observed 
movements in the testicles and vasa deferentia, in males, and 
in the comua of the uterus and the Fallopian tubes, in 
females, following irritation of the cerebellum.* Hammond 
noted movements of this kind in cats just killed, and also 
movements of the intestines and of the muscles of the ab- 
domen, thigh, and back.* 

Functions of the Cerebellum. 

There are still the widest difterences of opinion among 
physiologists, with regard to the functions of the cerebellum, 
mainly for the reason that the experiments upon the lower 

^ Flourkns, Becherches experimentalea but ka propriety d les fonctionn du «ys- 
ttme nerveuXy Paris, 1842, p. 18. 

* LoNGET, Anatomu etphysiologu du tysthne nerveux^ Paris, 1842, tome i., pp. 
IBB, '784. 

« See page 323. 

* Budge, Lchrbuch der specielUn PhjMogie de$ Mentchen^ Leipzig, 1862, S. 
788. 

* Hammond, Phytiology and Pathology of the Cerebellum, — Quarterly Journal 
of Psyeholoffkal Medicine^ New Turk, 1869, vol iii., p. 228. 
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animals, made by Flourens and his followers, though in 
themselves snflSciently definite, are apparently contradicted 
by pathological observations upon the human subject. There 
should be no such discrepancy between well-conducted ex- 
periments and carefully-observed cases of disease or injury ; 
for it is certain that the fimctions of the cerebellum present no 
essential differences in different animals, at least in man, the 
mammalia, and birds. It is necessary, therefore, for the phy- 
siologist, by carefully analyzing and correcting the results 
obtained by direct experimentation, and by applying to the 
study of palological observations the facts elicited by these 
experiments, to endeavor to harmonize the real or apparent 
contradictions ; for, as we have often had occasion to remark, 
there are no exceptions to the laws to which the fimctions 
of similar classes of animals are subordinated ; and observa- 
tions and experiments, apparently discordant, will always be 
found, as our positive knowledge advances, to present differ- 
ences in the conditions under which the phenomena have 
been observed. To apply this to the functions of the cere- 
bellum, it may be safely assumed that it is impossible for 
this organ to preside directly and exclusively over the mus- 
cular coordination in birds and the inferior mammals, and 
in man, to possess different functions. "With regard to the 
cerebrum, man possesses, not only a higher degree of de- 
velopment of certain intellectual faculties than the inferior 
animals, but is endowed with others, such as the power of 
articulate language. But in man and in the higher orders 
of animals, the general properties and fimctions of the mus- 
cular system are essentially the same. To take one of the 
most generally-accepted views of the functions of the cere- 
bellum, if this be the centre for muscular coordination in 
birds and mammals, it has the same office in man, though 
it may possess additional functions not found lower in the 
scale of animal life. Keeping in view, then, the desirability 
of bringing into accord the results of experiments and of 
pathological observations, we will first study carefully the 



Digitized by 



GoogI( 



FUNCTIONS OF THE CEBEBELLT7M. 365 

phenomena which follow injury or extirpation of the cere- 
bellum in animals. 

Extirpation of the Ce7'ebellwm in Animals. — In birds, 
and in certain mammals in which the operation has been 
successfiil, the more or less complete extirpation of the cere- 
bellum is followed by well-marked phenomena, presenting 
always the same character, but somewhat diflferently inter- 
preted by various experimenters. Experiments of this kind 
were first made by Flourens ; and the accuracy of his obser- 
vations has never been successfully controverted, whatever 
may have been said of his physiological deductions. In- 
deed, there are few if any important points in the phenom- 
ena following partial or complete removal of the cerebellum 
that escaped the attention of this most accurate observer. 

Laying aside, for the present, the deductions to be made 
from experiments on animals, the phenomena noted by Flou- 
rens and by all who have repeated his observations on the 
cerebellum are as follows : 

" I extirpated the cerebellum by successive layers in a 
pigeon. During the removal of the first layers, there only 
appeared slight feebleness and want of harmony in the 
movements. 

" At the middle layers, there was manifested an almost 
universal agitation, although there was not added any sign 
of convulsion ; the animal executed sudden and disordered 
movements ; it heard and saw. 

" On the removal of the last layers, the animal, the facul- 
ty of jumping, flying, walking, and maintaining the erect 
position being more and more disturbed by the preceding 
mutilations, lost this faculty entirely. 

" Placed on the back, it was not able to recover itself. 
Far from resting calm and steady, as occurs in pigeons de- 
prived of the cerebral lobes, it became vainly and continually 
agitated, but it never moved in a firm and definite manner. 

" For example, it saw a blow with which it was threatened, 
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wished to avoid it, made a thousand eflfbrts to avoid it, but 
did not succeed. If it were placed on its back, it would not 
rest, exhausted itself in vain efforts to get up, and finished 
by remaining in that position in spite of itself. 

" Finally, volition, sensation, perception, persisted ; the 
possibility of making general movements persisted also ; but 
the coordination of the movements in regular and definite 
acts of locomotion was lost." * 

These are the phenomena observed after total extirpation 
of the cerebellum. Voluntary movement, sensation, general 
sensibility, and the special senses, seem to be intact ; but 
there is always a loss of the power of equilibrium, and the 
movements executed are never regular, efficient and coor- 
dinate. Flourens farther states that animajs operated upon 
in this way retain the intellectual and perceptive faculties.* 

It is exceedingly important now to note the effects of 
partial removal of the cerebellum, as these bear directly upon 
cases of disease or injury of this organ in the human subject, 
in which its disorganization is very rarely complete.' We 
may illustrate this also by citing two of Flourens's typical 
experiments : 

" I. I removed by successive layers, all of the upper half 
of the cerebellum in a young cock. 

" The animal immediately lost all stability, all regularity 
in its movements; and its tottering and hizarre raodiQ of 
progression reminded one entirely of the gait in alcoholic 
intoxication. 

" Four days after, the equilibrium was less distiu'bed, and 
the progression was more firm and assured. 

" Fifteen days after, the equilibrium was completely re- 
stored. 

" II. I removed, in a pigeon, about the half of the cere- 
bellum ; and I removed this organ completely in a fowl. 

* Flourens, Recherchet experimerUales tur le$ proprikih et ki fonelioM du «^ 
tUme nerveux^ Paris, 1842, p. 87. 
• Op, ei',, p. 184. 
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" At the end of a certain time, the pigeon had regained 
its equilibrium ; the fowl did not regain it at all : the latter 
lived nevertheless for more than four months after the opera- 
tion."' 

These important observations we have repeatedly con- 
firmed, and have in our possession the encephalon of a pigeon 
which recovered completely after removal of abput two-thirds 
of the cerebellum, the animal first presenting marked defi- 
ciency in coordinating power. 

Such arc the phenomena observed in experiments upon 
the cerebellum in birds, and they have been extended by 
Flourens' and others' to certain mammals, as young cats, 
dogs, moles, mice, etc. Our own experiments, which have 
been very numerous during the last twelve years, arc simply 
repetitions of those of Flourens, and the results have been 
the same without exception. 

The only difficulties in operating upon the cerebellum 
arise from haemorrhage and the danger of injuring the 
medulla oblongata. The skull is exposed by slitting up the 
scalp, and the calvarium is removed in its posterior portion, 
penetrating just above the upper insertion of the cervical 
muscles. It is well to leave a strip of bone in the median 
line, thereby avoiding haemorrhage from the great venous 
sinus, though this is not essential. The cerebellum is thus 
exposed, and may be removed in part or entirely, by a deli- 
cate scalpel or forceps, when the characteristic phenomena 
just described are observed. Animals operated upon in this 
way feel the sense of hunger and attempt to eat, but when 
the movements are very irregular, they are unable to take 
food. We have frequently compared the phenomena pre- 
sented after removal of the cerebellum with the movements 
of a pigeon intoxicated by forcing down the oesophagus a 

* Flourxxs, op, cU.^ p. 102. 

* Op. cit.y p. 138, et aeq, 

* VuLPiAN, Lemons sur la phyaiologie generaU et compark du sytthne ner- 
iffKx, Paris, 1866, p. 606. 

124 
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little bread impregnated with alcohol, and they present a 
striking similarity. 

In view of the remarkable uniformity in the actual results 
obtained by different experimenters, it is hardly necessary to 
cite all of the observations made upon the lower animals. 
The phenomena observed by Flourens have been in the main 
confirmed by Fod^ra,* BouiUaud,* Magendie," Wagner,* Lus- 
sana,* Hammond,* Dalton,^ Vulpian,* Mitchell,' Onimus," 
and many others. Certain of these authors differ from Flou- 
rens in their ideas concerning the functions of the cerebel- 
lum, while they admit the accuracy of his observations. 

We will eliminate from the present discussion the experi- 
ments made upon animals low in the scale, such as fi'ogs and 
fishes, though in some of these, the results are in accord with 
the observations just cited upon birds and mammals," and 
confine ourselves to an interpretation of the phenomena ob- 
served after extirpation of the cerebellum in animals in which 
the muscular and nervous arrangement is like that of the 

* FoD^RA, RecJierches experimenialea sur U sysUme nerveux. — Journal de 
phf8lologi€y Paris, 1823, tome iii., p. 193. 

* BouiLLAUD, RechercTua experimenialei tendant d prouver que h cervdel prisid€ 
afix acies de fa station et dela progression, — Archives generates de medecine, Paris, 
1827, tome xv., p. 68, et seq. 

' Maqendie, Precis ilhnerUaire de pit^ysiohgie^ Paris, 1836, tome L, p. 
409. 

* Wagner, RecJierches critiques et expMmentales sur les fondions du cettieeM^ 
— Joumcd de la physiotogie^ Paris, 1861, tome iv., p. 258. 

* LussANA, Zefons sur les foncOons du cervelet. — Journal de la pfigsiologie^ 
Paris, 1862, tome v., p. 418. 

* Hammond, T/ie Physiology and PaOiology of the Cerebellum. — Quarterly 
Journal of Psychological Medicine, New York, 1869, vol. iii., p. 230. 

"^ Dalton, Human Physiology^ Philadelphia, 1871, p. 445. 

8 VuLPiAN, Systems nerveux, Paris, 1866, p. 618. 

' S. Weir Mitchell, Researches on the Physiology of the Cerebellum. — Ameri' 
can Journal of the Medical Sciences, Philadelphia, 1869, New Series, No. cxiv., p. 
831. 

^^ Onimus, Recherches expsrimentales, etc, — Journal de Vanaiomie, Paris, 1870- 
1871, tome vii., p. 652, et seq. Oaimus believes that the cerebellum presides 
over equilibration rather than general muscular coordination. 

" VuLPiAN, op. cit., p. 689. 
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human subject. The results of this mutilation are as defi- 
nite, distinct, and invariable, as in any experiments on living 
animals, and, taken by themselves, lead inevitably to but 
one conclusion. 

When the greatest part or the whole of the cerebellum is 
removed from a bird or mammal, the animal being, before 
the operation, in a perfectly normal condition, and no other 
parts being injured, there are no phenomena constantly and 
invariably observed except certain modifications of the volun- 
tary movements. The intelligence, general and special sen- 
sibility, the involuntary movements, and the simple faculty 
of voluntary motion, remain. The movements are always 
exceedingly irregular and incoordinate ; the animal cannot 
maintain its equilibrium ; and, on account of the impossibil- 
ity of making regular movements, it cannot feed. This want 
of equilibrium and of the power of coordinating the muscles 
of the general voluntary system causes the animal to assume 
the most absurd and remarkable postures, which, to one ac- 
customed to these experiments, are entirely characteristic. 
Call this want of equilibration, of coordination, of " muscular 
sense," an indication of vertigo, or what we will, the fact 
remains, that regular and coordinate muscular action in 
standing, walking, or flying, is impossible, although volun- 
tary power remain. It is well known that many muscular 
acts are more or less automatic, as in standing, and, to a cer- 
tain extent, in walking. These acts, as well as nearly all 
voluntary movements, require a certain coordination of the 
muscles, and this, and this alone, is abolished by extirpation 
of the cerebellum. It is true that destruction of the spiral 
canals of the internal ear produces analogous disorders of 
movement,* but this is the only mutilation, except division 

* Flourens, ReclierrlieM expirimeniales mr leg proprietes ei les fonctions du 
tysthne nerveitx^ Paris, 1842, p. 446. 

GoLTZ, Ueher die pht/aioloffuche Bcdeutung der BogeugUnge des Ohrlabgrintks: 
— Archivf'ur die genammte Physiologies Bonn, 1870, Bd. iii., S. 172, et seq. 

Taking the results of his experiments as a basis, Goltz proposes the theory 
that the semicircular canals are the organs presiding over the sense of equilib- 
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of the anterior white columns of the cord, whicji produce? 
any thing like the results of cerebellar injury. Certain im- 
portant coordinate muscular movements are well known to 
be dependent upon distinct nerve-centres. The acts of res- 
piration are presided over exclusively by the medulla oblon- 
gata. Deglutition probably lias its distinct nerve-centre, as 
well as the movements of the eyes. The centre regulating 
the coordinate movements in speech is situated in the an- 
terior cerebral lobes. None of these peculiar movements 
are affected by extirpation of the cerebellum. 

If there be a distinct nerve-centre which presides over 
the coordination of the general voluntary movements, ex- 
periments upon the higher classes of animals show that this 
centre is located in the cerebellum. It may be either in the 
entire cerebellum or in a certain portion of this organ, but 
if it be confined to a restricted part, this has not yet been 
determined. K the cerebellum preside over coordination, 
as a physiological necessity, the centre must be connected 
by nerves with the general muscular system. If this con- 
nection exist, a complete interruption of the avenue of com- 
munication between the cerebellum and the muscles, we 
would naturally expect, would be followed by loss of eoor- 
dioating power. From the anatomical connections of the 
cerebellum, it appears that the only communication be- 
tween this organ and the general system is through the 
posterior white columns of the spinal cord. We have seen 
that these columns are not for the transmission of the gen- 
eral sensory impressions, and there is no satisfactory evi- 
dence that they convey to the encephalon the so-called mus- 
cular sense. As regards general sensibility and voluntiry 
motion, we cannot ascribe any function to the posterior 

rium of the head, and thereby of the whole body ; that the pressure of the liquid 
in these canals varies with the moyemente of the head, and that the brain re- 
ceives from these, information with regard to the position of the head, and is 
able to regulate the general moTements accordingly ; and that this information 
is inaccurate when the pressure of liquid in the canals is abnormal, the result 
bdng disturbance of the general equilibrium. 
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white columns, except that when they are divided at several 
points, we invariably have want of coordination in the gen- 
eral muscular system.* When the posterior white columns 
are disorganized in the human subject, we have loss or im- 
pairment of coordinating power, even 'though the general 
sensibility be not affected, as in the disease called loconiotor 
ataxia. 

Confining ourselves still to the interpretation of 6xperi* 
ments upon living animals, and leaving for subsequent con- 
sideration the phenomena observed in cases of disease or 
injury of the cerebellum in the human subject, we are led 
to the following conclusions : 

There is a necessity for coordination of the movements 
of the general voluntary system of muscles, by means of a 
nerve-centre or centres. 

Whatever other functions the cerebellum may have, it 
acts as the centre presiding over equilibration and general 
muscular coordination. 

The cerebellum has its nervous connection with the gen- 
eral muscular system through the posterior white columns 
of the spinal cord, a fact which is capable both of anatomical 
and physiological demonstration. 

If the cerebellum be extii*pated, there is loss of coordi- 
nating power ; and if the posterior white columns of the 
cord be completely divided, destroying the communication 
between the cerebellum and the general system, there is 
also loss of coordinating power. 

When a small portion only of the cerebellum is removed, 
there is slight disturbance of coordination, and the disor- 
dered movements are marked in proportion to the extent of 
injury to the cerebellum.. 

After extirpation of even one-half or two-thirds of the 
cerebellum, the disturbances in coordination immediately 

' The reader is advised to study, in this connection, that portion of tho 
chapter on the spinal cord as a conductor, which treats of the probable fbnc* 
tions of the posterior white columns (see page 289). 
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following the operation may disappear, and the animal may 
entirely recover, without any regeneration of the extirpated 
nerve-substance. This important fact enables us to under- 
stand how, in certain cases of disease of the cerebellum in 
the human subject, when the disorganization of the nerve- 
tissue is slow and gradual, there may never be any disorder 
in the movements. 

We present the above conclusions, as in our own mind 
positive and definite. It is proper to state, however, that 
the definition of the function of the cerebellum is one of the 
points stated by most physiological authors as doubtful and 
unsettled ; and this is so, mainly because many writers have 
been unable to harmonize the experimental facts above de- 
tailed, with cases of disease or injury of the cerebellum in 
the human subject. We conceive that this has frequently 
been due to an imperfect study of the pathological facts, 
which we now propose to investigate as thoroughly as pos- 
sible. 

Pathological Pacts hearing upon the Functions of the 
Cerebellum, — ^Nearly all writers on the physiology of the 
nervous system, while they agree that extirpation of the 
cerebellum in the lower animals produces irregularity of 
movements, are arrested, as it were, in their deductions, by 
the following quokition from Andral, in his report of ninety- 
three cases of disease of the cerebellum : 

" A more remarkable alteration of movement is noted 
in the observation of M. Lallemand. The patient staggered 
on his legs, and often came near falling forward. In this 
case, the only one which tends to confirm the opinion of 
physiologists who regard the cerebellum as the organ of 
the coordination of movements, the cerebellum was entirely 
transformed into a sac filled with pus." * 

* Andral, Clinique medicale^ BruxcUes, 1834, tome v., p. 501. 
The case alluded to is quoted from Lallemand, which we hare consulted in 
the original, and will refer to again. 
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The bare statement, such as is generally made, that An- 
dral collected ninety-three cases of disease of the cerebellum, 
only one of which tends to show that this is the organ of 
muscular coordination, is sufficient to arrest any physiologist 
in the conclusions tliat would naturally be drawn from ex- 
perimental facts ; and nearly all writers have expressed them- 
selves as uncertain upon the question of the function of the 
cerebellum. Before we go any farther, we wish to settle, 
once for all, the physiological bearing of these cases ; and, 
with this end in view, have carefully studied, analyzed, and 
tabulated them. Out of the ninety-three cases, fifteen were 
observed by Andral, and seventy-eight are quoted from 
various authors. An analysis of these cases, with reference 
to conditions likely to complicate the effects of the cerebellar 
disease, etc., is given in the following table : 

Analysis of Andrdt^s ninety-three Cases of Disease of the 
Cerebellum. 

{Six CaseSj observed hy Andral.) 

Hemiplegia ; death in fifty hours 1 case. 

Hemiplegia ; sudden death 1, ** 

Hemiplegia ; death in two days 1 " 

Hemiplegia ; associated with cerebral haemorrhage . . . 8 — 6 ^ cases. 

(Seventy -eight Caaes^ quoted from various Authors.) 
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' In these aix cases, there was haemorrhage into the cerebellum. 
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Brought forward 16 c?.se!i 

Hsemorrhoge (quoted from various authors) ; haemorrhage into 

the cerebrum as well as the cerebellum . . . . 9 " 

Atrophy of the left cerebral and the right cerebellar hemisphere 2 " 

Oases of disease, with paralysis ; quoted from various authors . 9 ** 

Gases of abscess, with paralysis ; quoted from various authors . 8 " 

Cyst (Rdcamier) ; convulsions 1 case. 

Abscess (Laugier) ; convulsions 1 " 

Abscess, involving the entire cerebellum (Lallemand) ; want of 

coordination ^ 1 " 

Cases, quoted from various authors, in which no disturbance was 

noted in the movements ; the disease was confined to one 

lateral lobe of the cerebellum 6 cases. 

Gases of tumor, quoted from various authors, in which there 

was paralysis . . . ... . . . 15 " 

Gases of tumor, associated with disease of the cerebrum . . 7 ** 
Cases of tumor, associated with convulsions ; the descriptions 

are very indefinite 9 — 78 



{Nine Cases^ observed hy Andral.) 

Softening ; hemiplegia and convulsions . . . . .1 case. 
Softening ; hemiplegia and subsequent hsemorrhage . . . 1 " 

Softening ; hemiplegia and haemorrhage 1 " 

Softening ; agitation, like convulsions, of the members . . 1 ** 
Cyst ; paralysis and convulsions . . . . ., . 1 " 

Tubercle; hemiplegia •. . 1 " 

Five small tubercles in one hemisphere of the cerebellum ; move- 

ments normal , . 1 " 

Tuberculous mass, the size of a hazel-nut, on one side of the 

cerebellum ; movements normal 1 ** 

Cyst, the size of a hazel-nut, on one side of the cerebellum; 

movements normal 1 — 9 cases. 

Add cases of haemorrhage, previously cited, observed by Andral, 6 ** 

Add cases quoted from various authors TS " 

Total cases collected by Andral • .... 93 cases. 

In six cases, quoted from Serres, marked *, " there were 
observed all the signs of violent apoplexy ; nothing in par- 
ticular is said with regard to disorders of movement " (An- 
dral, op. city p. 475). In the case quoted from Dance, 

* This is the single case, noted by Andral, out of the ninety-three, showing 
want of coordination. 

* Amdrix, CUnique medicaley Bruzelles, 1834, tome v., p. 468, el seq. 
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marked t> the patient was struck with apoplexy (Andral, 
op. cit.j p. 475). In the ease quoted from Bayle, marked :|:, 
the patient suddenly lost consciousness, had convulsive move- 
ments on the third day, and died in coma, on the fifth day 
(Andral, op. cit^ p. 476). In the case quoted from Guiot, 
marked §, there was " no lesion except effusion of blood in 
the median lobe of the cerebellum. The individual who was 
the subject of this observation had had an attack of apo- 
plexy. Before his attack, he had for some time a tottering 
gait {demarche chancelaiite\ and, after the attack, remained 
hemiplegic on the right side " (Andral, op. cit.y p. 476). 

Let us now caretully review these ninety-three cases of 
Andral, which have been hold in terrorem over those who 
have ventured to argue, from experiments on animals, that 
the cerebellum is the coordinator of the muscular movements, 
and see how many may properly be thrown out of the ques- 
tion ! 

We can discard the first six cases, observed by Andral, in 
which there was hemiplegia, speedy death, and in three of 
which, there was cerebral heemorrhage ; for we could hardly 
observe want of coordination in hemiplegics or in cases 
complicated with cerebral disease. We can discard the six 
cases, quoted from Serres, in which there was violent apo- 
plexy, as well as the case quoted from Dance, with apoplexy 
and the case quoted from Bayle, with coma and convulsions. 
It is evident that these cases are useless in noting the pres- 
ence or absence of coordinating power. We can discard two 
cases (Serres) with hemiplegia ; one (Cazes) with coma ; one, 
(Morgagni) found dead ; one (S6dillot) died in fifteen min- 
utes ; one (Cafford) died suddenly ; one (Michclet) apoplexy 
two years before death, and an old clot in the right lobe 
of the cerebellum. This last case is in accord with experi- 
ments on animals ; for we have seen that the coordinating 
power may be restored after loss of one-half of the cerebel- 
lum. We can discard nine cases quoted from various authors, 
in which there was cerebral as well as cerebellar haemor- 
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rhage ; two cases of paralysis, with atrophy of one hemi 
sphere of the cerebmm and one hemisphere of the cerebel- 
lum ; nine indefinitely described cases, with paralysis ; three 
cases of abscess, with paralysis ; one case of cyst and one of 
abscess, with paralysis ; fifteen cases of tumor, with paraly- 
sis ; seven cases, associated with disease of the cerebrum and 
paralysis ; nine very indefinitely described cases, associated 
with convidsions. Of the remaining cases observed by An- 
dral, we can discard one, with hemiplegia and convulsions ; 
one, with hemiplegia and subsequent haemorrhage ; one, 
with hemiplegia ; one case of cyst, with paralysis and con- 
vulsions ; one, of tubercle, with hemiplegia. We can also 
discard one case of five small tubercles in one hemisphere 
of the cerebellum ; one, of a tuberculous mass, the size of a 
hazel-nut, on one side ; one, of a cyst, the size of a hazel- 
nut, on one side. These last cases do not present sufficient 
destruction of the cerebellar substance to lead us to expect 
any disorder in the movements. 

Thus far we have discarded eighty-five cases, leaving 
eight to be analyzed. Of these eight cases, in five, it is 
simply stated that the movements were imafiected, and that 
" one of the lateral lobes of the cerebellum was the seat of 
abscess " (Andral, op. cit.^ p. 500). In view of this bare state- 
ment, and the fact that, in animals, recovery of coordinating 
power takes place when half of the cerebellum has been 
removed, we may throw out these cases as incomplete. It 
must be remembered that the abscesses were probably of 
slow development ; and if they did not destroy a sufficiently 
large portion of the cerebellum to influence the coordinating 
power permanently, it is not probable that the functions of 
this organ would be at all aflccted, as there would be no 
shock, as in the sudden removal of substance by an operation. 

We are thus reduced to three cases ; and in all of these, 
the movements were .more or less affected. These ca^es we 
will now study as closely as is possible from the details given. 

Case I. — The first case is quoted from Guiot. There was 
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no lesion, except an effusion of blood in the median lobe of 
the cerebellum, and there was probably no pressure upon 
the peduncles. " The individual who was the subject of this 
observation had had an attack of apoplexy. Before the at- 
tack, he had for some time a staggering gait (une demarche 
chaneelante)j and, after the attack, he had remained hemi- 
plegic on the left side" (Andral, op. city p. 476). From 
these meagre details, it seems probable that there was a cer- 
tain amount of diflSculty of coordination, though the descrip- 
tion is not as definite as could be desired. 

Case II. — The second case was observed by Andral. A 
groom, not quite forty years of age, was brought into the 
Maison royale de sante, having suffered from severe head- 
ache, vertigo, etc., for fifteen days, which finally became 
fixed at the occiput. During the first three days in the hos- 
pital, " he was in a continual state of agitation ; the move- 
men ts of the members, on the right as well as the left 
side, were sometimes so hruaqv^es and disordered that they 
resembled convulsive movements." Soon the respiration 
became disturbed, and he died in asphyxia. " Upon post- 
mortem examination, there was found general injection 
of the meninges ; nothing particular in the cerebral hemi- 
spheres ; a moderate quantity of seruin in the ventricles ; 
reddish softening of the left hemisphere of the cerebellum in 
its posterior and inferior half; no other lesion" (Andral, 
op. city p. 490). 

The only marked symptom relating to the movements in 
this case was a certain amount of irregularity and convulsive 
action of the muscles, while the patient was in bed. The 
case is not strong in its bearings, either for or against the 
coordination-theory ; for there must have been a great 
amount of irritation of the encephalic centres, and it would 
certainly be difficult to note disturbance of equilibration or 
of coordination in a patient confined to the bed. 

The third case is quoted by Andral from Lallemand, and 
is taken by Lallemand from Delamare. 
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Case III. — " M. Gu6rin, vicar at G6zeville, forty-six years 
of age, of a good temperament, strong, and corpulent, with 
a good appetite, complained of a dull pain, which finally be- 
came acute, under the frontal bone. For a year he experi- 
enced attacks of vertigo and vomiting, without fever. He 
staggered on his legs, and was often near falling forward. 
The treatment employed was antiphlogistic and derivative." 

On post-mortem examination, the cerebrum was found 
entirely healthy, but the envelop of the cerebellum was col- 
lapsed, folded, and only contained about the half of an egg- 
shell full of a brown and fetid, lymphatico-purulent liquid.* 

This case, as far as the description goes, shows marked 
difficulty in equilibration or coordination. 

If the reader have carefully studied the foregoing analysis 
of Andi'al's cases, he will see that eighty-five may be thrown 
out altogether, leaving but eight ; and of these eight cases, 
five are so imperfectly described, and the disorganization of 
the cerebellum is so restricted, that they may also be disre- 
garded. The ninety-three cases are thus reduced to three. 
Of these three cases, in two, it is uncertain whether or not 
there were deficiency of coordinating power ; and in one, the 
difficulty in equilibration or coordination was distinctly noted. 
This, we conceive, disposes of the much-quoted ninety-three 
cases of Andral ; and they are cei*tainly not opposed to the 
view that the cerebellum is the organ of equilibration or 
muscular coordination. 

In addition to the cases collected by Andral, there are 
numerous other instances on record of disease confined to 
the cerebellum. 

Case IV. — An interesting case of disease of the cere- 
bellum was reported by Gall, in 1823.* This patient "com- 
plained for several months of a veiy disagreeable sense of 
pressure at the nucha, and a tendency to fall forward as if 

* Lallemand, Ji*'cherchen anatomico-pathohgiques aur Vmcepkale^ Paris, 1828, 
tonic ii., p. 89. 

* Gall, Sur les/onctioiu du cerveau, Paris, 1823, tome iii., p. 841. 
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he saw a precipice at his feet. Several physicians attributed 
these symptoms to hsemon'hoids ; for myself, I concluded 
that there was an organic disease in the brain. Several 
months after, the patient died, and we found on the tento- 
rium a fleshy mass two inches in diameter, which had com- 
pressed the cerebellum." 

Case V. — In 1826, Petiet reported a case of disease, in 
which the cerebellum was entirely destroyed, its tissue being 
broken down into a sort of whitish houiUie.^ The cerebrum 
was healthy. The observation was made in 1796. The pa- 
tient, before death, was observed to present a remarkable 
tendency to walk backward. He rose from his seat with 
diflSculty, and, once erect, the first movements of the feet 
were lateral, and he finally walked by moving the feet from 
before backward. His locomotion consisted simply in pass- 
ing from his own to an adjoining bed in the ward, a distance 
of about six feet. 

Case VI. — One of the most remarkable cases, and the one 
most frequently quoted by physiological writers, was report- 
ed by Combette, in 1831.' This patient, Alexandrine La- 
brosse, in her seventh year, was seen by M. Miquel. Since 
the age of five years only had she been able to sustain her- 
self on her feet. M. Miquel was struck with her slight de- 
velopment and the .feebleness of the extremities. At the 
age of nine and a half years, she was admitted into the Oi^ 
phelins, "When spoken to, she answered with difficulty 
and hesitation. Iler legs, although very feeble, enabled her 
still to walk, but she often fell." She was first seen by M. 
Combette, in January, 1831. She had then kept the bed for 
three months; was constantly lying on the back, ...d could 
scarcely move the legs ; she used her hands with ease. She 
died of some intestinal disorder, March 25, 1831. On post- 

* Petikt, Journal de phynologie^ Paris, 1826, tome vi., p. 162, et teq. 

• Combette, Observation d'une jeune filU^ morte dans aa onzihne annke^ chat 
hiqudU U y avail absence compleie du cervelet^ dcs pkdonctUes jjosterietires et de la 
protuberance annidaire.^-Jmrnal de physioloffie^ Paris, 1831, tome xl, p. 27, etaeq. 
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mortem examination, " in place of the cerebellum there was 
a cellular membrane, gelatiniform, semicircular, from eigh- 
teen to twenty lines in its transverse diameter." There was 
no trace of the pons Varolii. Combette states that Alex- 
andrine Labrosse was able to walk for several years, always, 
it is true, in an uncertain manner ; later, her legs became 
more and more feeble, and finally she ceased to be able to 
sustain her weight. She had the habit of masturbation. Com- 
bette further states that this observation is not in accord 
"with the experiments of Flonrens, which tend to show 
that the cerebellum is the regulator of movements." The 
encephalon was also examined by Guillot, who noted ab- 
sence of the cerebellum and of the pons. 

This case is somewhat imperfect, as it was not seen by 
Combette until the patient had kept the bed for three 
months. By some writers, it is quoted in favor of, and by 
some, in opposition to the view that the cerebellum coordi- 
nates the muscular movements. It was not a case of simple 
disease of the cerebellum, as the pons and the posterior pe- 
duncles were also absent. It was noted, before the case was 
seen by Combette, that the patient walked in an uncertain 
manner and often fell. 

Several cases of injury of the cerebellum are reported by 
Larrey.* 

Case VII. — One case is described, in which the patient 
was struck by a ball from a blunderbuss, which grazed the 
occipital protuberances. There was no disturbance of move- 
ment. The patient died on the thirty-ninth day, in opisthot- 
onos. On post-mortem examination, "the occipital bono 
had sustained a considerable loss of substance ; the slit into 
the dura mater, to which we have alluded, corresponded to 
the centre of the right lobe of the cerebellum, which was 
sunk downward and was of a yellowish color, but free from 
suppuration or effusion. The medulla oblongata and spinal 

* LuiRET, Injuries of the Cerebellum. — OhservaUont on Wounds^ elc.^ Philiu 
dclphia, 1832, p. 199, ei seg. 
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marrow bore a dull, white aspect, were of greater consist- 
ence than is natural, and had lost about a quarter of their 
size ; the nerves arising from them appeared to us also 
to be in a state of atrophy near their origin" (Larrey, 
op. cit^ p. 207). 

Case YIII. — Another patient was struck by a piece of 
wood on the right side of the head. lie was found dead a 
little over three months after the injury. " The right hemi- 
sphere of the cerebellum was entirely disorganized by an 
abscess which pervaded its whole substance" (Larrey, qp. 
ciL^ p. 210). No disturbances of movement were noted. 

Case IX. — Another patient had erysipelas following a 
fall on the side of the head, and abscess. He lived for three 
or four months. Five or six weeks after the injury, he had 
severe pains in the occiput, and, " when standing he could 
with difficulty only preserve his equilibrium." On post- 
mortem examination, the deep-seated vessels of the cere- 
brum were found injected. "We found, in the left lobe 
of the cerebellum, about three tablespoonfuls of pus of a 
whitish and gelatinous aspect, which had encroached upon, 
or rather displaced entirely, the hemisphere of the cerebel- 
lum ; this purulent substance was enveloped withip the pia 
mater, which had acquired a somewhat firmer consistence, 
and, as in the subject of the preceding case, assumed a pearly 
color. The other half of the cerebellum was shrivelled, and 
the medullary substance forming the arbor vitoe was of a 
grayish color and very dense" (Larrey, op. city p. 211). 

The first of these cases was found by Larrey to be asso- 
ciated with extinction of sexual appetite, and atrophy of the 
organs of generation. In the first two cases, judging from 
the results of experiments on animals, there was not enough 
injury of the cerebellum to necessarily influence the power 
of coordination. In the last case, there was difficulty in 
equilibration, but also some paralysis. 

A number of cases, which it is unnecessary to detail 
ftilly, are cited by Wagner, in the Journal de la physiologic, 
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in wliich tottering gait and want of equilibration or of mus- 
cular coordination were noted, in connection with gi'eater or 
less disorganization of the cerebellum.' In the same jour- 
nal, is a brief note of a case, reported by Laborde, in which 
there was a large cyst in the cerebellum, with incomplete 
paraplegia and "want of coordination of the movements of 
progression." * 

Case X. — A most remarkable and carefully-observed case 
of atrophy of the cerebellum was reported by Dr. Fiedler, 
in 18C1." The subject of this observation, a man, aged about 
fifty years, had remarkable peculiarities in his movements 
for thirty years. After the age of twenty years, it is stated 
that " he could no longer walk with as much certainty as 
before; the gait was staggering {taumdnd), . . . Not only 
in the house, but also in the street, the patient often fell, so 
that he was very frequently taken for a drunkard, and was 
either carried home or taken to the police-station. It is said 
that he never had drunk spirituous liquors. 

" Sometimes the patient walked backward, but only a few 
steps. He never had any turning movements ; the gait was 
always tottering {wacTclig) and slow " (Fiedler, oj>. city p. 
251). . He never fell forward, but always on the back. On 
post-mortem examination, the cerebrum was found healthy, 
" but the cerebellum was atrophied, especially at its posterior 
and inferior portion, and was reduced in size at least one- 
half" (Fiedler, op. clt,^ p. 258). This case presented the 
phenomena of defective coordination to a marked degree. 
Nothing is said of vertigo. 

Case XI. — In an elaborate article by Lussana, on the 
cerebellum, a case is quoted from Pourfour du Petit, in 
which a soldier, who received a gunshot-woimd traversing 

• Wagner, Recherches critiques el expSrimentales sur la fonclions du ccrvau. 
•^•Jonrtial de la physioloffie^ Paris, 1861, tome iv., p. 886. 

• Ibid., p. 637. 

• Fiedler, Ein Fall von \Wkiimmerunff des Cerebellum, — Zeilschri/t fur ro" 
iionelle Medicin^ Leipzig und Heidelberg, 1861, Bd. xi., S. 250, et $tq. 
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• 

the left lobe of the cerebellum, immediately presented " a 
great disorder in his movements." * 

Among the most striking of the cases of disease of the 
cerebellum, are two observed by Vulpian. 

Case XII. — ^The first was a woman, forty-nine years of 
age, in the hospital of la Salpetriere. "All of the move- 
ments were preserved, but locomotion was most irregular 
and diflScult ; she could only walk in the most hizarre man- 
ner, resting on a chair which she placed before her at every 
step, and, in spite of her efforts at equilibration, she often 
fell." This patient, however, retained great muscular power. 
On post-mortem examination, " the cortical gray substance 
of the cerebellum was found entirely atrophied : all the 
nerve-cells of this layer had disappeared." There was con- 
siderable reduction in the size of the cerebellum. The cor- 
pora dentata were perfectly preserved, " showing that these 
parts, at all events, have but a slight office in coordination." • 

Case XIII. — The second case presented an old softening, 
about the size of a hazel-nut, destroying a corresponding 
amoimt of the cerebellar substance of one of the hemispheres. 
The corpus dentatum was completely destroyed. This wom- 
an " walked well, but it appears nevertheless that she vacil- 
lated very slightly in her gait, without, however, a tendency 
to fell." • 

We have thus cited quite a number of cases of disease 
confined to the cerebellum, in which there was marked dis- 
turbance in the muscular movements ; but there are othei's, 
in which the movements were unaffected. As an example 
of the latter, we may refer to a case cited from Bouvier, by 
Prof. Hammond. 

Case XIV. — In this case, the movements of the limbs 
were all preserved. On post-mortem examination, there 
was found an abscess involving the two outer thirds of the 

* LussANA, LcfOTU 8ur Us fonciiona du cervellet. — Journal de la physioloffie, 
raiis, 1862, ti)me v., p. 429. 

• Vulpian, SytUrM ncrveux, Paris, 1866, p. 629. » Op. ciU^ p. 682. 
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left hemisphere of the cerebellum ; the walls of this cavity, 
which contained several tablespoonftds of pus, were soft- 
ened. 

" As M. Bouvier remarks, a circumstance of great inter- 
est connected with this case is the entire absence during life 
of any symptoms indicating an augmented sensibility, loss 
of equilibrium, or excitation of the genital organs." * 

With regard to this case, it is evident that the disease of 
the cerebellum was of slow development and did not involve 
enough of its substance to necessarily interfere with its func- 
tions, as has been clearly shown in other pathological cases 
and in experiments upon animals. 

Prof. Hammond also reports two interesting cases which 
came under his own observation.' 

Case XV. — " In 1851, a Mexican shepherd was attacked 
near Cebolleta, in New Mexico, by Navajo Indians. He 
managed to escape, but in fleeing from his enemies received 
an arrow-wound in the posterior part of the head. He was 
on horseback, and, though stunned by the bloWj maintained 
his seat in the saddle. So firmly was the arrow implanted 
that the shaft became detached by his efforts to remove it, 
leaving the head of the weapon in the skull. I saw him 
about two hours subsequently. He was then in full posses- 
sion of his senses and was suffering no pain. There were, 
however,' constant vertigo and nausea, together with a sen- 
sation, as he described it, as if his head were balanced on a 
very delicate point, and the least inclination to one side 
or the other would cause it to fall off. On examining the 
wound, I found the arrow still sticking in the bone, and T 
had to use considerable force before I could remove it. It 
had entered to the extent of an inch and a half — a little be- 
low and to the left of the occipital protuberance — wounding 
the left lobe of the cerebellum. The vertigo continued aU 

* Habimond, The Phygiohffy and Pcdhology of the CerebeUttm, — QuarUrbf 
Journal of Psychological Medicine^ New York, 1869, vol ill, p. 287. 

• Loc. ciL 
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that night, but the nausea and vomiting stopped in the 
course of a few hours. 

" The next day he attempted to walk, but was obh'ged to 
desist on account of the vertigo. ^ He felt,' he said, ' as if 
he were drunk,' and he staggered just like a drunken man. 
This feeling of vertigo continued for several weeks, lasting 
all through the period of suppuration. Gradually it disap- 
peared, though even after the lapse of a year he felt giddy 
on making any unusual exertion. At no time was there any 
diflSculty in coordinating the muscles of the upper or lower 
extremities. The latter were simply affected tlu-ough the ver- 
tigious sensation. The sensibility was unaffected through- 
out the whole progress of the case. 

Case XVI. — " The other case was that of a man who, for 
several months, had suffered with vertigo, occasional con- 
vulsions, attacks of nausea and vomiting, and a constant and 
violent pain affecting the back of the head. These symp- 
toms had come on subsequently to a severe blow which he 
had received on the back of the head, in consequence of 
raising himself too soon while the horse he was riding was 
passing under a low archway. 

" Wlien this man attempted to walk he reeled and stag- 
gered as if he were drunk, but his movements were very 
different jfrom those which we now recognize as character- 
izing locomotor ataxia. The upper extremities, and the or- 
gans of speech, were not affected ; he had the entire control 
of his legs when lying down, and there was no diminution 
of sensibility anywhere. At last he became paraplegic, and 
died in a convulsion. The post-mortem examination showed 
the existence of an abscess, which had obliterated nearly the 
whole of the left lobe of the cerebellum." 

The interpretation of these two cases depends, apparently, 
upon the ideas concerning the functions of the cerebellum, 
with which they are regarded. We should consider them 
as very strong evidence that the cerebellum regulates equi- 
libration and muscular coordination. Prof. Hammond re- 
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gards them as in accordance with his idea, that injury of 
the cerebellum does not affect coordination, but simply pro- 
duces vertigo. It remains for the reader to judge whether 
or not the ph3nomena observed indicate want of coordinating 
power. 

We now come to the main question, whether or not, in 
view of the results of experiments on animals and the phe- 
nomena observed in cases of disease or injury of the cere- 
bellum, this nerve-centre presides over coordination of ac- 
tion of the muscles, which is certainly necessary to equili- 
bration, except the muscles of the face and those concerned 
in speech. This question seems to us to be capable of a 
definite answer. 

Every carefully-observed case that we have been able to 
find, in which there was uncomplicated disease or injury of 
the cerebellum, provided the disease or injury involved more 
than half of the organ, presented great disorder in the gen- 
eral movements, particularly those of progression. We have 
collected the more or less complete reports of sixteen cases. 
In Case II., there was softening of one-half of one hemisphere, 
and remarkable convulsive movements. In Case YI., the 
one so often quoted from Combette, the gait was uncertain, 
with frequent falling ; there was incomplete paralysis ; but, 
in addition to the absence of the cerebellum, there was no 
pons Varolii. In Case VII., there was no disturbance of 
movement, and there was partial degeneration of one lateral 
lobe. In Case VIII., there was no disturbance of move- 
ment, and disorganization of one lateral lobe of the cerebel- 
lum. In Case XIII., there was slight loss of substance in 
one lateral lobe of the cerebellum, and slight " vacillation " 
in the movements. In Case XIV., there was an abscess in- 
volving two-thirds of one lateral lobe, and the movements 
of the limbs were preserved. In Cases L, III., IV., V., IX., 
X., XI., XII., XV., XVI., ten out of sixteen, there was 
diflSculty-in muscular coordination, which was invariably in 
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direct ratio to the amount of cerebellar substance involved 
in tlie disease or injury. We do not make the reservation, 
that more than half of the cerebellum must be destroyed in 
order necessarily to produce diflSculty in muscular coordina- 
tion, oh purely theoretical grounds, but regard this point as 
positively demonstrated by experiments on animals. These 
experiments show that t)ne-half of the organ is capable of 
performing the function of the whole. We have an analogy 
to this in the action of the kidneys, one of which is sufficient 
for the elimination of the effete constituents of the urine, 
after the other has been removed. 

Notwithstanding the contrary views of many physiologi- 
cal writers, we are firmly convinced, from experiments and 
a careful study of pathological facts, that there is no one 
point in the physiology of the nerve-centres more definitely 
settled than that the cerebellum presides over equilibration 
and the coordination of the muscular movements, particu- 
larly those of progression. In this statement, we make ex- 
ceptions in favor of the movements of respiration, degluti- 
tion, of the face, and of those concerned in speech, as well as 
the involuntary movements generally. As another example 
of a nerve-centre presiding over muscular coordination, we 
have the instance of the i>ortion of the left anterior lobe of 
the cerebrum, which coordinates the action of the muscles 
concerned in speech. 

The theory that the disordered movements which follow 
injury of the cerebellum are due simply to vertigo is not 
tenable. In only three of the cases cited, is vertigo men- 
tioned; and in two, the word vertigo seems to be used 
rather as an explanation of the phenomena observed, than 
in their simple description. There is a disease involving the 
semicirci^ar canals and other parts of the internal ear, 
called Meniere's disease, in which there is marked want of 
equilibration and muscular coordination, attended with, and 
probably dependent upon vertigo. The vertigo is always 
very distinct, and is mentioned in all of these cases ; and 
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though it is less in the recumbent posture, it is never en- 
tirely absent. A very elaborate article on certain affections 
of the inner ear, including M^ni^re's disease, with numer- 
ous illustrative cases, was published by Dr. Ejiapp, in the 
Archives of Oj>hthalmology and Otology^ New York, 1871, 
' vol. ii., No. i. A careful study of these cases, comparing 
them with the cases of deficient coordination from disease of 
the cerebellum, cannot fail to show a great difference be- 
tween the phenomena following cerebellar disease and the 
muscular phenomena due to well-marked and persistent 
vertigo.* 

Connection of the Cerebellum with the Generative Func- 
tion, — The fact that the cerebellum is the centre for equili- 
bration and the coordination of certain muscular movements 
does not necessarily imply that it has no other functions. 
The idea of Gall, that " the cerebellum is the organ of the 
instinct of generation," ' is sufficiently familiar ; and there 
are numerous facts in pathology that show a certain relation 
between this nerve-centre and the organs of generation, 
though the idea that it presides over the generative function 
is not sustained by the results of experiments on animals, 
or by facts in comparative anatomy. 

In experiments on animals in which the cerebellum has 
been removed, there is nothing pointing directly to this part 
as the organ of the generative instinct. Flourens removed a 
great part of the cerebellum in a cock. The animal survived 
for eight months. It was put several times wjth hens, and 
always attempted to moimt them, but without success, from 
want of equilibrium. In this animal, the testicles were 
enormous.* This observation has been repeatedly confirmed, 
and there are no instances in which the cerebellum^ has been 

* Knapp, a Clinical Analysis of the InJlam}natory Affections of tlie Liner Ear, 
New York, 1871. 

• Gall, Stir lesfondions du cerveau^ Paris, 1825, tome iii., p. 245. 
' Flourens, Sy^hne nervevx^ Paris, 1842, p. 168 
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removed with apparent destruction of sexual instinct. In a 
comparison of the relative weights of the cerebellum in stal- 
lions, mareSj and geldings, Leuret foimd that, far from being 
atrophied, the cerebellum of geldings was even larger than 
in either stallions or mares.' 

In the numerous cases of disease or injury of the cere- 
bellum, to which wo have already referred, there are some, 
in which irritation of this part has been followed by persistent 
erection and manifest exaggeration of the sexual appetite, 
and others, in which its extensive degeneration or destruction 
has apparently produced atrophy of the generative organs 
and total loss of sexual desire. There are also certain cases 
of this kind which we have not yet cited. Serres gives the 
history of several cases, in which irritation of the cerebellum 
was followed by satyriasis or nymphomania, but in other 
cases, there were no symptoms referable to the generative 
organs.' In tlie case reported by Combette, the patient had 
the habit of masturbation.* Dr. Fisher, of Boston, gives an 
account of two cases of diseased or atrophied cerebellum, with 
absence of sexual desire, and one case of irritation, with 
satyriasis.* Similar instances are given by other writers, 
which it is unnecessary to detail. We have already cited 
the observations of Budge and of Hammond, in which me- 
chanical irritation of the cerebellum was followed by move- 
ments of the uterus, testicles, etc.* For other citations bear- 
ing upon the connection between the cerebellum and the 
generative function, the reader is referred to the elaborate 
memoir by Prof. Hammond.' 

' LscBKT, Anafomie com/ntree da nystime nerveitXy Paris, 1889-1867, tome T., 
p. 429. 

' Serres, Sur les maladies organiques du cervelet. — Journal de physiologie^ 
Paris, 1822, tome U., p. 172, et seq., and p. 249, el aeg, 

• Journal de phyfiologie^ Paris, 1831, tome xi., p. 80. 

* Fisher, ContribuHom IQuslraiive of the Functions of the Cerebellum, — Amer- 
ican Journal of the Medical Sciences^ Philadelphia, 1838, No. xlv., p. 862, et teq. 

* See page 863. 

• Quarterly Journal of Psychological Medicine, New York, 1869, voL iil, p. 
219, et 9eq, 
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Although there are many facts in pathology which are 
opposed to the view that the cerebellum presides over the 
generative function, there are numerous cases which go to 
show a certain connection between this portion of the central 
nervous system and the organs of generation in the human 
subject. But this is all that we can say upon this im- 
portant point ; certain it is that the facts are not sufficiently 
numerous, definite, and invariable, to sustain the doctrine 
that the cerebellum is the seat of the sexual instinct. 

Development of the Cerebellum, in the Lower AniinaU. — 
The study of the comparative anatomy of the cerebellum has 
little physiological interest, except in so far as it bears upon 
our knowledge of its physiology. From this point of view, 
there is little to be said concerning its development in the 
animal scale. We can hardly establish a definite relation 
between this particular part of the encephalon and the com- 
plicated character of the muscular movements ; for, as we 
pass from the lower to the higher orders of animals, we have 
other parts of the brain, as well as the cerebellum, devel- 
oped in proportion to the increased complexity of the mus- 
cular system. Nor can we connect the comparative anatomy 
of the cerebellum with the ideas of the functions of this organ 
in connection with generation. The amphioxus lanciolatus 
has no cerebellum, and this organ, therefore, is not indis- 
pensable to generation. In some annuals remarkable for 
salacity, the cerebellum is not unusually large ; and facts of 
this kind might be multiplied ad infinitum. 

Paralysis from Disease or Injury of the Cerebellum. — It 
is not unusual to observe disorganization of a considerable 
amount of cerebellar substance without paralysis; and, 
indeed, we are inclined, upon this point, to adopt the view 
advanced by Vulpian, that, of itself, disease of the cerebellum 
is not attended with hemiplegia, this condition obtaining 
only when the peduncles, the pons, or the motor tracts of 
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tlie cord are directly or indirectly involved.* As far as the 
physiology of the cerebellum bears upon this point, there is 
no reason why simple disease of its substance should produce 
hemiplegia. As in cerebral affections disease of the hemi- 
spheres is followed by hemiplegia, as the rule, only when the 
corpora striata, the optic thalami, or the pons, is involved, 
either by compression or disorganization, so in disease of the 
cerebellum, there must be some disturbance of the motor 
tracts. 

It is a curious fact, also, that in certain cases of disease 
of the cerebellum, without any affection of the cerebrum, in 
which hemiplegia exists, the paralysis occurs on the opposite 
side of the body, while in others, it is on the same side as the 
cerebellar lesion. According to Vulpian, the hemiplegia is 
direct or crossed, the situation of the paralysis depending 
upon the parts of the motor tracts that are compressed. In 
simple softening of the substance of the cerebellum, as we 
have just remarked, there is, of necessity, no paralysis, but 
haemorrhage or tumors may impinge upon one or another 
of the motor tracts of the encephalon or the cord.' 

In certain of the cases collected by Andral, thei*e was a 
lesion of one lateral lobe of the cerebellum, associated with a 
lesion of the cerebral hemisphere of the opposite side. In 
these cases, the paralysis did not affect both sides of the body, 
but was always situated on the side opposite to the lesion of 
the cerebrum, the same side as the cerebellar disease.* 

We have thus only discussed those views with regard to 
the functions of the cerebellum which are supported by ex- 
perimental or pathological facts, and have not touched upon 
the vague and unsupported ideas advanced by various writers 
before the publication of the remarkable observations of 
Flourens. There is no proof that the cerebellum is the organ 

* Vulpian, Sysihne nervenZj Paris, 1866, p. 608. 

' Vulpian, loc, cU. 

> Andral, CHnique midicaU^ Bruxelles, 18S4, tome v., p. 481. 
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presiding over memory, tlie involmitary movements, general 
sensibiKty, or the general voluntary movements. The only 
view that has any positive experimental or pathological 
basis is that it presides over equilibration and the coordina- 
tion of certain muscular movements, and is in some way 
connected with the generative function. 
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CHAPTER XIV. 

GANGLIA AT THE BASE OF THE ENCfEPHALON. 

Corpora striata — Optic thalami — Tubercula quadrigemina, or optic lobes — Gan- 
glioD of the tuber annulare — Medulla oblongata — Physiological anatomy of 
the medulla oblongata — ^Functions of the medulla oblongata — Connection 
of the medulla oblongata with respiration — ^Vital point — Connection of the 
medulla oblongata with various reflex acts — ^RoUing and turning movements 
following injury of certain parts of the encephalon— General properties of 
the peduncles. 

At the base of the encephalon, are found several coHec- 
tions of gray matter, or ganglia, some of which have ftmc- 
tions distinct jfrom those already described in connection 
with the cerebrum and the cerebellum ; but most of them 
are so diflScult of access in living animals, that we possess 
very little definite information, even with regard to their 
general properties. We have, however, a tolerably complete 
knowledge of the functions of the medulla oblongata and 
the tubercula quadrigemina, and have some idea of the physi- 
ology of the tuber annulare ; but the functions of the corpora 
striata, optic thalami, ventricles, pineal gland, peduncles, 
etc., are not at all understood, and the speculations of the 
older writers, with the indefinite experiments of modem 
physiologists, upon these parts, will be passed over very 
briefly. 

Corpora Striata. 

These bodies are somewhat pear-shaped, and are situated 
at the base of the brain, partly without the cerebral hemi- 
spheres and partly embedded in their white substance. 
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Their rounded base is directed forward, and the narrower 
end, backward and outward. Their external surface is gray, 
and they present, on section, alternate strias of white and 
gray matter, which appearance has given them the name of 
corpora striata. Between the narrow extremities of these 
bodies, are situated the optic thalami. 

There is very little to be said with regard to the func- 
tions of the corpora striata. Longet has found them com- 
pletely inexcitable and insensible to mechanical irritation.* 
The idea of Magendie, that a tendency to backward move- 
ments resided in these bodies, while the cerebellum exerted 
an antagonistic action, is not sustained by experiments.* 
When they are removed, disturbing the hemispheres as little 
as possible, there appears to be no paralysis, either of motion 
or sensation.* 

We have obtained a little more information regarding 
the functions of the corpora striata, from cases of cerebral 
haemorrhage in the human subject, than from experimental 
investigations. In apoplexy, when the coi-pus striatum on 
one side is alone involved, there is paralysis of motion of the 
opposite lateral half of the body, the general sensibility usual- 
ly being unaffected. Facts of this kind show that the action 
of the corpora striata is crossed ; and they further illustrate 
their connection with the motor tract from the hemispheres. 

There is no reason to suppose that the corpora striata are 
the centres of olfaction, as was at one time thought, for they 
are sometimes absent in animals possessing very large olfac- 
tory nerves, and are very largely developed in the cetacea, 
in which the olfactory apparatus is rudimentary.* 

Oj>tic jThalami. 

From their name, we should infer that the optic thalami 
have some important function in connection with vision ; 

1 Longet, Traite de physiologie^ Paris, 1869, tome iii., p. 419. 

* Magendie, Precis SUmerUaire dc phyiiologit, Paris, 1886, tome i., p. 404. 

' Longet, loc. cii. * LovasT, toe. eit. 
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but they serve merely as beds for the optic commissures, and 
give to the nerves but very few fibres. They are oblong 
bodies, situated between the* posterior extremities of the 
corpora striata, and resting upon the crura cerebri on the 
two sides. They are white externally, and, in their interior, 
present a mixture of white and gray matter. Longet has 
destroyed them upon the two sides, carefully avoiding injury 
of the optic tracts, and noted no interference with vision or 
the movements of the iris. 

The optic thalami seem, from experiments upon animals, 
to have a peculiar crossed action upon the muscular system. 
Wliile their mechanical irritation produces neither pain nor 
convulsive movements, showing that they arc insensible and 
inexcitable, the extirpation of one optic thalamus produces 
enfeeblement of the muscles of the opposite lateral half of 
the body, without actual paralysis.* Wlien both have been 
removed, there is general debility of the muscular system. 
It is unnecessary to refer to other experiments upon these 
pai-ts, which have been very indefinite in their results, or to 
allude to the "circular" movements produced by lesion 
upon one side, involving also the cms cerebri ; for, beyond 
the statement just made, the function of the optic thalami 
is unknown. 

We derive but little information concerning the optic 
thalami from cases of cerebral hemorrhage in the human 
subject ; for it is not common to have disease involving 
these parts and not affecting other centres. In some cases 
of lesion limited to the optic thalamus on one side, there is 
paralysis of sensation of the opposite lateral half of the body, 
without actual paralysis of motion, though the movements 
are generally feeble. When the brain-lesion involves both 
the corj^us striatum and the optic thalamus on one side, 
which is more common, there is paralysis of motion, with 
loss or disorder of sensibility, on the opposite side of the 
body. These facts illustrate, to a certain extent, the ana- 

* LoxoET, Traits dt phfsiologiey Paris, 1869, tome iii., pp. 412, 418. 
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tomical connection of the optic thalami with the sensory 
tracts, though, in experiments on animals, destruction of 
tliese parts does not necessarily affect the general sensibility. 

Tubercida Qicadi'igemina. 

These little bodies, sometimes called the optic lobes, are 
rounded eminences, two upon either side, situated just be- 
hind the third ventricle. The anterior, called the nates, 
are the larger. These are oblong and of a grayish color ex- 
ternally. The posterior, called the testes, are situated just 
behind the anterior. They are rounded, and rather lighter 
in color than the anterior. Both contain gray nervous mat- 
ter in their interior. They are the main points of origin 
of the optic nerves, and are connected by commissural fibres 
with the optic thalami. In birds, the tubercles are two in 
number, instead of four, and are called the tubcrcula bi- 
gemina. 

It is probable that the tubercula quadrigemina are inex- 
citable and insensible. When pain and convulsive move- 
ments have apparently followed their mechanical irritation 
in living animals, these phenomena have probably been due 
to excitation or stimulation of the motor or sensory commis- 
sural fibres which pass beneath them. At least, this seems 
to be the proper conclusion to draw from the experiments 
of Longet.* 

As regards the fimction of the optic lobes, aside from 
their action as reflex nervous centres for the movements of 
the iris, there is little to be said, except that they preside over 
the sense of sight. They are easily reached and operated 
upon in birds, where they are very large, and, as Flourens 
demonstrated many years ago, their extirpation is followed 
by total loss of sight, as well as abolition of the reflex move- 
ments of the ii'is.' In birds and in those mammals in which 

* LoNOET, Th'aUe de physidogie^ Paris, 1869, tome iii., p. 407. 

• Floubems, Systhne no^veux, Paris, 1842, p. 146. 
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they have been operated upon, the action in vision is crossed ; 
i. e.y when the lobe is removed upon one side, the sight is 
lost in the opposite eye, vision in the eye upon the same 
side being unimpaired. We have long been in the habit, in 
class-demonstrations, of removing the optic lobe on one side 
from a pigeon, with the result just mentioned. The opera- 
tion is quite simple : A part of the skull is removed by the 
side of one hemisphere, and the optic lobe is seen, in the 
form of a large, white tubercle, between the posterior por- 
tion of the cerebrum and the cerebellum. A little slit is 
then made in its capsule, and the interior is broken up care- 
fully with a delicate forceps. The animal generally recovers 
from the operation, blinded in the eye upon the opposite 
side. In removing the portion of the skull, it is well not to 
go too far back, when there is danger of wounding the great 
venous sinus and complicating the operation by haemorrhage. 

In treating of the special sense of sight, in the next and last 
volume, we shall see that the decussation of the optic nerves 
is more complex in man than in birds, in which the nerve 
from one optic lobe passes totally and exclusively to the eye 
upon the opposite side. In man, most of the fibres of the 
optic nerve from one side pass to the eye upon the opposite 
side ; but a few fibres pass to the eye upon the same side, a- 
few connect the tubercles upon the two sides, and a few con- 
nect the two eyes. It is not known whether or not, in man, 
the action of the tubercles in vision is exclusively crossed, as 
it appears to be in most of the inferior animals. 

The optic lobes imdoubtedly serve as the sole centres 
presiding over the sense of sight, and not merely as avenues 
of communication of this sense to the cerebral hemispheres. 
A positive proof of this proposition lies in the fact that the 
sense of sight is preserved after complete removal of the 
cerebrum, provided that injury of the tubercles have been 
carefully avoided. 

We shall say nothing, in this connection, with regard to 
the movements of the iris, except that the reflex action by 
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whicli the size of the pupil is modified is effected through 
the optic lobes as nerve-centres. The mechanism of the 
movements of the iris and their regulation through nervous 
action are questions of great interest, and are somewhat com- 
plex. We have already treated of them to some extent, in 
connection with the physiology of the third pair of nerves, 
and they will be considered still more fully in th^ section 
on the special sense of sight. 

Ganglion of the Tuber Annvlare, 

The tuber annulare, called the pons Varolii, or the 
mesocephalon, is situated at the base of the brain, just above 
the medulla oblongata. It is white externally, and contains 
in its interior a large admixture of gray matter. It presents 
both transverse and longitudinal white fibres. Its transverse 
fibres connect the two halves of the cerebellum. Its longi- 
tudinal fibres are connected below, with the anterior pyrami- 
dal bodies and the olivary bodies of the medulla oblongata, 
the lateral columns of the cord, and a certain portion of the 
posterior columns. Above, the fibres are connected with 
the crura cerebri, and pass to the brain. The superficial 
transverse fibres are wanting in animals in which the cere- 
bellum has no lateral lobes. 

The general properties of the tuber annulare have been 
demonstrated in the most satisfactorj" manner by Longet. 
In his experiments, direct excitation of the superficial trans- 
verse fibres did not produce well-marked convulsive move- 
ments, and there were no convulsions when the posterior 
fibres were stimulated. When galvanization was applied to 
the deeper anterior fibres, convulsive movements were dis- 
tinct at each excitation. Stimulation of the posterior portion 
always produced pain. This was not constantly obser\'ed to 
follow irritation of the anterior portion, and, when pain oc- 
curred, it was thought to be due to irritation of the root of 
the fifth nerve.* 

* LoNOBT, Ti-aiie de phyiiologit, Paris, 1869, toma iii., p. 894. 
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The above experiments, it is true, are not as free from 
uncertainty as those made upon the more accessible parts of 
the encephalon, but, as far as they go, they tend to show 
that the tuber annulare is both insensible and inexcitable in 
its superficial anterior portion, which is composed chiefly of 
commissural fibres from the cerebellum ; that it is excitable 
and probably insensible in its deeper anterior portion, which 
seems to be composed chiefly of descending motor conduct- 
ors ; and finally, that it is sensible and probably inexcitable 
in its posterior portion. 

The tuber annulare undoubtedly acts as a conductor of 
sensory impressions and motor stimulus to and from the 
cerebrum, as we would naturally expect from the direction 
of its fibres, and as has been repeatedly shown by cases of 
disease, particularly as regards motion. In addition, how- 
ever, judging from the fact that it contains numerous nod- 
ules of gray matter between fasciculi of white fibres, and 
that this gray matter contains cellular elements similar to 
those found in other nerve-centres, and from which new 
nerve-fibres imdoubtedly originate, it would be inferred 
that these nodules have a distinct function, and give to the 
tuber annulare the properties of a nerve-centre. It will be 
interesting, therefore, to follow out the experiments upon 
this part, by which its action as a centre has been illustrated. 
These experiments are of two kinds : First, the removal of 
other encephalic ganglia, leaving only the tuber annulare, 
the medulla oblongata, and the cerebellum, and noting the 
properties or faculties retained by animals under these con- 
ditions. Experiments of this land are tolerably definite, as 
we already know the general functions of most of the other 
encephalic ganglia. Second, to note the eflects of extirpa- 
tion of the tuber annulare alone. 

If the cerebral hemispheres, the olfactory ganglia, the 
optic lobes, the corpora striata, and the optic thalami, be 
removed, the animal loses the special senses of smell and 
sight and the intellectual faculties, there is a certain amount 

126 
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of enfeeblement of the muscular system, but voluntary mo- 
tion and general sensibility are retained. There can be no 
doubt upon these points. As far as voluntary motion is 
concerned, an animal operated upon in this way is in nearly 
the same condition as one simply deprived of the cerebral 
hemispheres. There are no voluntary movements which 
show any degree of intelligence, but the animal can stand, 
and various consecutive movements are executed, which are 
entirely different from the simple reflex acts depending 
exclusively upon the spinal cord. The coordination of move- 
ments is perfect, unless the cerebellum be removed. As re- 
gards general sensibility, an animal deprived of all the en- 
cephalic ganglia except the tuber annulare and the medulla 
oblongata undoubtedly feels pain. This has been demon- 
strated in the most conclusive manner by Longet,* and has 
been shown even more satisfactorily by Yulpian.' In rabbits, 
rats, etc., after removal of the cerebrum, corpora striata, and 
optic thalami, pinching of the ear or foot is immediately 
followed by prolonged and plaintive cries. Both of the 
experimenters referred to insist upon the character of these 
cries as indicating the actual perception of painful impres- 
sions, and as very different from cries that are purely reflex, 
according to the ordinary acceptation of this term. Longet 
alludes to the voluntary movements and the cries observed 
in persons subjected to painful surgical operations, when 
incompletely under the influence of an anaesthetic, concern- 
ing the character of which there can be no doubt. He re- 
gards the movements as voluntary, and the cries as evidence 
of the acute perception of pain ; but it is well known that 
such patients have no recollection of any painful impression, 
though they have apparently experienced great suffering. 
As far as wc can judge from what we positively know of the 
functions of the encephalic centres, the pain under these 
circumstances is perceived by some n^rve-centre, probably 

* LoNQET, Trai/i de physiologies Paris, 1869, tome iii., p. 896. 

* VuLPiAK, Systhne nerveux, Paris, 1866, p. 542, et aeq. 
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the tuber annulare, but the impression is not conveyed* to 
the cerebrum, and is not recorded by the memory. 

Taking all the experimental facts into consideration, the 
following seems to be the most reasonable view with regard 
to the function of the tuber annulare as a nerve-centre. 

It is an organ capable of originating a stimulus giving 
rise to voluntary movements, when the cerebrum, corpora 
striata, and the optic thalami, have been removed, and prob- 
ably regulates the automatic voluntary movements of station 
and progression. Many voluntary movements, the result of 
intellectual effort, are made in obedience to a stimulus trans- 
mitted from the cerebrum, through conducting fibres in the 
tuber annulare, to the motor conductors of the cord and the 
general motor nerves. 

The tuber annulare is also capable of perceiving painful 
impressions, which, when all of the encephalic ganglia are 
preserved, are also conducted to and are perceived by the 
cerebrum, and are remembered ; but there are distinct evi- 
dences of the perception of pain, even when the cerebrum 
has been removed. 

Cases of disease or injury of the tuber annulare on one 
side in the human subject show that its action is crossed. 
It is a curious fact that lesions of the encephalon involving 
the pons may be located during life by the existence of what 
is known as alternate paralysis ; i. e,y there is hemiplegia on 
the side opposite to the brain-lesion, attended with paralysis 
of the facial on the same side as the lesion, so that the fa- 
cial palsy and the hemiplegia are on opposite sides of the 
body. We have already cited, in connection with the physi- 
ology of the facial nerve, the cases collected by Gubler, of 
this alternate paralysis, in illustration of the decussation of 
the deep fibres of origin of the facial ; for when the lesion 
involves parts of the encephalon anterior to or above the 
pons, the facial paralysis is on the same side as the hemi- 
plegia.' Additional cases of alternate paralysis have been 

* See page 147. 
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re|)orte(i by Brown-Sequard, in an elaborate memoir on the 
physiology and pathology of the protuberance/ 

MeduUa Oblongata. 

The chief points of interest in the physiological anatomy 
of the medulla oblongata relate to the direction of its fibres, 
their connection with the gray matter embedded in its sub- 
stance, and the course of the filaments of origin of certain of 
the cranial nerves. Concerning the deep origin of the large 
root of the fifth, the motor-oculi extemus, facial, pneumogas- 
tric, spinal accessory, and the sublingual, we shall have noth- 
ing to say in this connection, as we have already treated of the 
physiological anatomy of these nerves with sufficient minute- 
ness ; and we have now to study the fimctions of the medulla 
oblongata, and particularly its action as a nerve-centre. 

Physiological Anatomy of the MedvUa OUongata, — The 
medulla oblongata is the oblong enlargement which connects 
the spinal cord with the various encephalic ganglia. It is 
about an inch and a quarter in length, and nearly an inch 
broad, at its widest portion. It rests in the basilar groove 
of the occipital bone, extending from the atlas to the lower 
border of the tuber annulare, with its broad extremity 
above. Like the cord, it has an anterior and a posterior 
median fissure. 

Apparently continuous with the anterior columns of the 
cord, are the two anterior pyramids, one on either side. 
Viewed superficially, the innermost fibres of these pyramids 
are seen to decussate in the median line; but if these 
fibres be traced from the cord, it is found that tliey come 
from the white substance of its lateral columns, and that none 
of them are derived from the anterior columns. The fibres 
of the external portion of the anterior pyramids come from 

' Brown-Sequard, Recherchei tur la phyn4>log\e et la paihologie de la protu- 
berance annulaire, — Journal de la phynologie^ Paris, 1858, tome i., p. V55, et $eq, ; 
and, Ibid., 1859, tome ii., p. 130, et eeq. 
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the anterior columns of the cord. At the site of the decus- 
sation, the pyramids are composed entirely of white mat- 
ter ; but as the fibres spread out to pass to the encephalon 
above, they present nodules of gray matter between the 
fesciculi. 

External to the anterior pyramids, are the corpora oliva- 
ria. These are oval, and are surrounded by a distinct 
groove. They are white externally, and contain a gray 
nucleus, called the corpus dentatum. 

External to the corpora olivaria, are the restiform bodies, 
formed exclusively of white matter, and constituting the pos- 
tero-lateral portion of the medulla. They are continuous 
with the posterior columns of the cord. The restiform bod- 
ies spread out as they ascend, and pass to the cerebellum, 
forming a great portion of the inferior peduncles. 

Beneath the olivary bodies, and between the anterior 
pyramids and the restiform bodies, are the lateral tracts of 
the medulla, called by the French, the intermediary fasciculi. 
These are composed of an intimate mixture of white and 
gray matter, and have a yellowish-gray color. They receive 
all that portion of the antero-lateral columns of the cord 
which does not enter into the composition of the anterior 
pyramids. These are frequently considered as parts of the 
restiform bodies, but they are peculiarly interesting, from the 
fact that they contain the gray centre presiding over respira- 
tion, and for that reason we have described them as distinct 
fasciculi. 

The posterior pyramids (fasciculi graciles) are the small- 
est of all. They pass upward to the cerebrum, without decus- 
sating, and are composed exchisively of white matter. As 
they pass upward, they diverge, leaving a space at the fourth 
ventricle. 

The fourth ventricle is in the medulla, and is bounded 
above, by the valve of Yieussens and the under surface of the 
cerebellum. In the lower part of the floor of the fourth ven- 
tricle, are several transverse fasciculi of white matter; but the 
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greatest part of this portion is composed of a layer of gray 
substance. 

The two lateral halves of the posterior portion of the me- 
dulla are connected together by fibres arising from the gray 
matter of the lateral tracts, or intermediary fasciculi, passing 
obliquely, in a curved direction from behind forward, to the 
raphe in the median line. There are also fibres passing from 
before backward, to form a posterior commissure, and fibres 
arising from the cells of the olivary bodies, which connect 
the gray substance of the lateral halves. Commissural fibres 
also connect the gray matter of the lateral tracts with the 
corpora dentata of the olivary bodies, and the olivary bodies 
with the cerebellum, their fibres forming part of the inferior 
peduncle of the cerebellum. In addition, it is probable that 
fibres, taking their origin from all of the gray nodules of 
the medulla, pass to the parts of the encephalon situated 
above. 

As far as the fibres of origin of the nerves are concerned, 
it may be stated in general terms that a number of the motor 
roots arise from the gray matter of the floor of the fourth 
ventricle, the roots of the sensory nerves arising from gray 
matter in the posterior portions. 

Aside from purely anatomical demonstrations, the con- 
nection of the anterior pyramids of the medulla with the cor- 
pora striata has been shown by pathological observations. 
It is well known that, when the connection between the 
nerve-centres and the fibres is destroyed, these fibres after a 
time become degenerated. In old lesions of the corpora 
striata, Cruveilhier, Tiirk, and, more lately, Vulpian, have 
shown that, when the white substance is injured upon one 
side, there follow degeneration and atrophy of the fibres of 
the corresponding cerebral peduncle and anterior pyramid 
of the medulla, and of the lateral portion of the spinal cord 
upon the opposite side.* This important fact illustrates the 
connection between the lateral columns of the cord and the 

* Vulpian, Sf/st^me nerveux^ Paris, 1866, p. 470. 
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anterior pyramids of the meduUa oblongata, the decussation 
of the anterior pyramidfi, and the passage of fibres from the 
anterior pyramids to the corpora striata, in the substance of 
the cerebral peduncles. 

Functions of the Medulla Oblongata. 

It is hardly necessary to discuss the functions of the me- 
dulla oblongata as a conductor of sensory impressions and of 
motor stimulus to and from the brain. We know that there 
is conduction of this kind from the spinal cord to the ganglia 
of the encephalon, and this must take place through the me- 
dulla ; a fact which is inevitable, from its anatomical relations, 
and which is demonstrated by its section in living animals. 
Nor is it necessary to dwell upon its general properties, in 
which it resembles the spinal cord, at least as far as has been 
demonstrated by experiments upon living animals or upon 
animals just killed. It is diflScult to expose this part in the 
higher classes of animals, but the experiments of Longet * 
and of Vulpian ^ show that it is sensitive on its posterior sur- 
face and insensible in front. The diflSculty of observing the 
phenomena which follow its irritation in living animals has 
rendered it impossible to determine the limits of its excita- 
bility and sensibility as exactly as has been done for the dif- 
ferent portions of the cord. 

It is also somewhat diflScult to determine whether the ac- 
tion of the medulla itself, in its relations to motion and sen- 
sation, be crossed or direct. As regards conduction from the 
brain, the direction is suflSciently well shown by cases of ce- 
rebral disease, in which the paralysis, in simple lesions, is 
always on the opposite side of the body. Philipeaux and 
Vulpian have shown that, in the medulla, this crossed action 
is not distinct. After section of one lateral half of the me- 
dulla in dogs and Guinea-pigs, there was not complete pa- 

^ Longet, TraiiJk de phytiologie^ Paris, 1869, tome UL, p. 877. 
' TrLriAK, Systhne nerveux, Paris, 1866, p. 484, 
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ralysis of motion, either on one side or the other, though the 
animals operated upon were not able to stand/ 

The action of the medulla as a reflex nerve-centre depends 
upon its gray matter. When this gray substance is do-, 
stroyed, certain of the important reflex functions are in- 
stantly abolished. From its connections with various of the 
cranial nerves, we should expect it to play an important part 
in the movements of the face, in deglutition, in the action of 
the heart and of various glands, etc., important points which 
will be fully considered in their appropriate place. Its 
most striking function, however, is in connection with respi- 
nition. 

Connection of the Medulla Oblongata with Respiration. 
— It did not escape the observation of Galen, that when a 
section was made at the summit of the spinal cord, the ani- 
mal was suddenly destroyed.* This fact has been considered 
as well established, since the time of Galen, but in 1809, Le- 
gallois made a number of experiments upon rabbits, cats, 
etc., in which he showed that respiration depends exclu- 
sively upon the medulla oblongata and not upon the brain, 
and he further located the part which presides over this 
function at the site of origin of the pncumogastric nerves : * 
" For, if we open the cranium of a young rabbit, and ex- 
tract the brain, by successive portions, from before back- 
ward, cutting it by slices, we can remove in this way aU of 
the brain proper, and then the entire cerebellum and a part 
of the medulla oblongata. But it (respiration) ceases sud- 
denly when we include in a section the origin of the eighth 
pair of nerves (pneumogastrics)." The experiments of Le- 
gallois were repeated and confirmed before a commission 
from the French Institute, composed of Von Humboldt, 

* VcLPiAN, Si/sihne nerveux, Paris, 1866, p. 495 

* Galenus, De Anaiomicis Adminittrationibw, Liber viii., Cap. ix — Opera^ 
Lipsiae, 1821, tomus ii., pp. 696, 697. 

* Legallois, Ezpiriences 8ur Uprindpe dela vie. — (Euvre^j Paris, 1824, tome 
L, p. 64. The date of these experiments is given by Legiillois on page 74. 
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Halle, and Percy.* Flourens, in his elaborate experiments 
upon the nerve-centres, extended tlie observations of Legal- 
lois, and limited the respiratory centre in the rabbit, between 
the upper border of the roots of the pneumogastrics and a 
plane situated about a quarter of an inch below the lowest 
point of origin of these nerves ; these limits, of course, vary- 
ing with the size of the animal.* Following these experi- 
ments, Longet has shown that the respiratory nervous centre 
does not occupy the wliole of the medulla included between 
the two planes indicated by Flourens, but that it is confined 
to the gray matter of the lateral tracts, or the intermediary 
fasciculi. This was demonstrated by the fact that respiration 
persists in animals after division of the anterior pyramids 
and the restiform bodies. Subsequently, Flourens still far- 
ther restricted the limits of the respiratory centre, and fully 
confirmed the observations of Longet." 

The portion of the medulla oblongata above indicated 
presides over the movements of respiration, and is the true 
respiratory nerve-centre. Nearly all who have repeated the 
experiments of Flourens have found that the spinal cord 
may be divided below the medulla oblongata, and that all 
of the encephalic ganglia above may be removed, respiratory 
movements still persisting. It is a very common thing in 
vivisections to kill an animal by breaking up the medulla. 
In a dog, for example, we grasp the head firmly with the 
left hand, flex it forcibly on the neck, and penetrate with a 
stylet a little behind the occipital protuberance, entering be- 
tween the atlas and the skull. By a rapid lateral motion of 
the instrument, the medulla is broken up, and the animal in- 
stantly ceases to breathe. There are no struggles, no mani- 
festations of the distress of asphyxia ; the respiratory mus- 

* Legallois, op. city tome L, p. 248. 

• Flourens, Sysi^me nerveux^ Paris, 1842, p. 204. 

Flourens was Id error when he stated (page 197) that Lorry was the first to 
show that animals were instantly killed by destruction of the summit of the 
spinal cord, for this was distinctly indicated by Galen, in the second century. 

> LoNOET, TraiU de phyMogie^ Paris, 1869, tome iii., pp. 887, 888. 



Digitized by 



GoogI( 



i08 NERVOUS SYSTEM. 

cles simply cease their action, and the animal loses instantly 
the sense of want of air. A striking contrast to this is pre- 
sented when the trachea is tied or when all of the respiratory 
muscles are paralyzed without touching the medulla. The 
same phenomena follow injury to the medulla in the human 
subject ; and in anaesthesia from the administration of chlo- 
roform, a patient will sometimes suddenly stop breathing, 
apparently because the medulla oblongata becomes affected. 

In another volume, we have insisted upon the mechan- 
ism of the reflex phenomena of respiration. We have con- 
clusively shown by experiments, that an impression is re- 
ceived by the sensory nerves of the general system, due to 
want of oxygen, and not to the irritation produced by carbon- 
ic acid ; and that this impression is conveyed to the medulla 
oblongata, and gives rise to the reflex movements of respira- 
tion. If this impression be abolished, there are no respira- 
tory movements ; and if the medulla, the sole centre capable 
of receiving this impression and of generating the stimulus 
sent to the respiratory muscles, be destroyed, respiration in- 
stantly ceases, without any sensation of asphyxia.* 

It does not seem that there can be any doubt with regard 
to the action of the medulla oblongata as the respiratory 
nervous centre ; still, it has been stated by Brown-S6quard, 
that the commonly-accepted view is not correct ; that the 
sudden arrest of respiratory movements following destruc- 
tion of the medulla is due to irritation and not to its re- 
moval ; and that, in certain cases, the movements may become 
reestablished after the irritation has subsided.' SchLff noted, 
in 1852, that dogs lived for a certain time after injury of 

* See vol. i., Respiration, p. 479, et seq. 

Our original experiments on the respiratory sense were made in 1860-^61, 
and published in October, 1861. See MxpertmerUdl Jieaearchea on PoinU con- 
ned^ with the Action of the Heart and with Respiration. — American Journal of 
the Medical Sciences^ Philadelphia, October, 1861. 

' Brown-Sequard, Recherches eur lee causes de moti aprh Vablation de la 
partie de la moelle allongh qui a He nommee point vital. — JounuU de la phynoh^ 
jTtc, Paris, 1868, tome i., p. 217, et seq. ; and, Recherches experimentaU* mar la 
physiologie de la moelle aUongee, — Ibid., 1860, tome iii., p. 151, el eeq. 
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the 80-callcd vital point/ As regards the experiments upon 
which the opinion of Brown-S6quard is based, we have only 
to say that, while a return of respiratory movements is per- 
haps possible in certain cold-blooded animals (which will live 
for weeks after extirpation of the medulla, respiring by the 
skin alone) the experiments on rabbits are so extraordinary, 
and the results obtained are so diametrically opposed to 
those of all other observers, that they canuot be accepted 
without full confirmation. As is remarked by Vulpian, if 
the cause of arrest of respiration in the higher animals were 
due, not to removal of the respiratory centre, but to simple 
irritation, these movements should return after the circula- 
tion had been kept up for a time by artificial respiration. 
This never occui*s. " The possibility of reflex movements 
remains during all the time of pulmonary insufflation ; but 
the respiratory movements are definitively abolished." ' We 
must then adhere to the view that the medulla oblongata is 
the centre which presides over the respiratory movements. 

To conclude our history of the influence of the medulla 
on respiration, we have only to refer to an interesting series 
of experiments recently made by Schiff, in which one lateral 
half of the cord just below the medulla, or the lowest part 
of the medulla, was divided. In these experiments, it was 
found that section of the lateral columns at the point of ori- 
gin of the first pair of cervical nerves abolished respii*atory 
movements upon the corresponding- side of the body. In 
one experiment, the section was made in a dog, aAd all the 
movements, except those of respu'ation, remained. The ab- 
domen was opened, and one-half of the diaphragm was seen 
to be entirely passive. In another experiment, exposure of 
the diaphragm did not affect the volume of air inspired, but 
after section of the lateral column on one side, the volume 
of air inspired was diminished by about one-third.' 

» Schiff, Lehrbuch der Pky9iohgie, Lahr, 1858-'59, S. 328. 

• Vulpian, Synthne nwreux, -Paris, 1866, p. 50 Y. 

• Schiff, Einfiuss den verJdngerten Marks auf die Aihmung, — Arehiv fur die 
^^amniie Physiologie^ Bonn, 1870, Bd. iiL, S. 624. 
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VUal Point. — Since it. has been definitely ascertained 
that destruction of a restricted portion of the gray substance 
of the medulla produces instantaneous and permanent arrest 
of the respiratory movements, Flourens and others have 
spoken of this centre as the vital Icnot, the destruction of 
which is immediately followed by death. With our present 
knowledge of the properties and functions of the different 
tissues and organs of which the body is composed, it is almost 
unnecessary to present any arguments to show the unphilo- 
sopliic character of such a sweeping proposition. We can 
hardly imagine such a thing as instantaneous death of the 
entire organism ; still less can it be assumed that any restrict- 
ed portion of the nervous system is the one essential, vital 
point. Probably a very powerful electric discharge passed 
through the entire cerebro-spinal axis produces the nearest 
approach to instantaneous death of any thing of which we 
have any knowledge ; but, even here, it is by no means cer- 
tain that some parts do but for a time retain their so-called 
vital properties. In apparent death, the nerves and the 
heart may be shown to retain their characteristic proper- 
ties ; the muscles will contract under stimulus, and will ap- 
propriate oxygen and give off carbonic acid, or respire; the 
glands may be made to secrete, etc. ; and no one can assume 
that, under these conditions, the entire organism is dead. 
We really know of no such thing as death, except as the vari- 
ous tissues and organs which go to make up the entire body 
become so altered as to lose their physiological properties be- 
yond the possibility of restoration ; and*this never occurs for 
all parts of the organism in an instant. A person drowned 
may be to all appearances dead, and would certainly die with- 
out measures for restoration ; yet, in such instances, restora- 
tion may be accomplished, the period of apparent death being 
simply a blank, as far as the recollection of the individual is 
concerned. It is as utterly impossible to determine the ex- 
act instant when the vital principle, or whatever it may bo 
called, leaves the body in death, as to indicate the time 
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when the organism becomes a living being. Death is noth- 
ing more than a permanent destruction of so-called vital 
physiological properties ; and this occurs successively, and 
at different periods, for different tissues and organs. 

When we see that frogs will live for weeks, and some- 
times for months, after destruction of the medulla oblongata, 
and that, in mammals, by keeping up artificial respiration, 
we can prolong many of the most important functions, as 
the action of the heart, for hours after decapitation, we can 
understand the physiological absurdity of the proposition 
that there is any such thing as a vital point, in the medulla, 
or in any part of the nervous system. 

Connection of the Medulla Oblongata with Various lie- 
fiex Acts, — There are numerous reflex phenomena that are 
completely under the control of the medulla oblongata as a 
nerve-centre. Among these are the various acts connected 
with respiration, as yawning, coughing, crying, sneezing, etc. 
It also presides over the coordination of the muscles con- 
cerned in expression, and the act of vomiting. We have seen, 
in treating of the pneumogastric nerves, that their galvani- 
zation arrests the action of the heart in diastole. The same 
result follows galvanization of the medulla at the point of 
origin of these nerves.* In another volume, we have fully 
discussed the influence of the medulla upon sugar formation 
in the liver, as illustrated by the beautiful experiments of 
Bernard, in which he produced diabetes in animals by irri- 
tating the floor of the fourth ventricle, and the influence of 
this centre upon the quantity and the composition of the 
urine.* 

There is very little to be said concerning certain ganglia 
and other parts of the brain that we have not yet considered. 
The olfactory bulbs, or ganglia, preside over olfaction, and 
will be treated of fully in connection with the special senses. 

' See page 225. * See vol iil, Excretion, pp. 172, 328. 
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The pineal gland and the pituitary body, in their structure, 
present a certain resemblance to the ductless glands, and their 
anatomy has been considered in another volume.* Passing 
over the purely theoretical views of Galen, WiDis, Descartes, 
and other of the older writers, who had very indefinite ideas 
of the functions of any of the encephalic ganglia, we have 
only to say that the uses of the pineal gland and pituitary 
body in the economy are entirely unknown. The same re- 
mark applies to the corpus callosum, the septum lucidum, 
the ventricles, hippocampi, and various other minor parts 
that are necessarily described in anatomical works. It is 
useless to discuss the early or even the recent speculations 
with regard to the functions of these parts, which are entirely 
unsupported by experimental or pathological facts, and which 
have not advanced our positive knowledge. Most of the 
parts just enumerated have no physiological history. 

ItoUing and Turning Movements following Injuvrj of Cer- 
tain Parts of the EncepTialon, 

The remarkable movements of rolling and turning, pro- 
duced by section or injury of certain of the commissural 
fibres of the encephalon, are not very important in their 
bearing upon the ftmctions of the brain, and are rather to be 
classed among the curiosities of experimental physiology. 
These movements follow unilateral lesions, and are depend- 
^ent, to a certain extent, upon a consequent inequality in 
the power of the muscles on one side, without actual paraly- 
sis. Vulpian enumerates the following parts, injury of 
which, upon one side, in living animals, may determine 
movements of rotation : 

" 1. Cerebral hemispheres ; 

" 2. Corpora striata ; 

^ 3. Optic thalami (Flourens, Longet, SchiflF) ; 
Cerebral pedimcles (Longet) ; 

" 6. Pons Varolii ; 

1 See vol. iii., Ductless Glands, p. 864. 
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" 6. Tubercula quadiigemina or bigemina (Flourens) ; 

" 7. Peduncles of the cerebellum, especially the middle, 
and the lateral portions of the cerebellum (Magendie) ; 

" 8. Olivary bodies, restiform bodies (Magendie) ; 

" 9. External part of the anterior pyramids (Magendie) ; 

" 10. Portion of the medulla from which the facial n,erve 
arises (Brown-S6quard) ; 

" 11. Optic nerves ; 

" 12. Semicircular canals (Flourens) ; auditory nerve 
(Brown-S^quard)." 

To the parts above enumerated, Vulpian adds the upper 
part of the cervical portion of the spinal cord.* 

The movements which follow unilateral injury of the 
parts mentioned above are of two kinds ; viz., rolling of the 
entire body on its longitudinal axis, and turning, always in 
one direction, in a small circle, called by the French the 
movement of manege. They were first observed in dogs by 
Pourfour du Petit, who noted that animals rolled like a ball, 
after section of one lateral half of the cerebellum with the 
root of one of the pedimcles;* but later, Magendie* and 
Flourens* noted the same phenomena. In 1823, a curious 
case of the same kind of movements in the human subject 
was reported by Serres.* It is not necessary to cite in detail 
the numerous experiments of this kind, made by Longet, 
Schiff, Brown-Sequard, Vulpian, and others, except as they 
have presented explanations, more or less satisfactoiy, of the 
phenomena observed. 

A capital point to determine in the phenomena of rolling 
or turning is, Whether these movements be due to paralysis 

* Vulpian, Sysihne ntrveux^ Paris, 1866, p. 584. 

' Pourfour du Petit, Nbuveau Bynteme du eerveau. — Hecueil d^ observations 
d*anaiomie et de chirurgie^ Paris, 1*766, p. 121. 

* Maqendie, Metnoire mr lea fondiona de quelquea parties du syst^me nerveux, 
— Journal de physiologie^ Paris, 1824, tome iv., p. 399, el seq. 

* Flourens, Systknie nerveux, Paris, 1842, p. 489, 

^ Serres, Suite des recherches sur lea maladiea organiquea du ee)*velei.-^oumal 
de phyaioloffie, Paris, 1828, tome iiu, p. 136. 
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or enfeeblement of certain muscles upon one side of the 
body, to a direct or reflex irritation of the parts of the 
nervous system involved, or to all of these causes combined. 
The experiments of Brown-S6quard and others conclusively 
show that the movements may be due to irritation alone, for 
they occur when parts of the encephalon and the upper por- 
tions of the cord are simply pricked, without section of fibres.* 
When there is extensive division of fibres, it is probable that 
the effects of the enfeeblement of certain muscles are added to 
the phenomena produced by simple irritation. The most 
satisfactory explanation of these movemei^ts is the one pro- 
posed by Brown-Sequard, who attributes them to a more or 
less convulsive action of muscles on one side of the body, 
produced by irritation of the nerve-centres. He regards the 
rolling as simply an exaggeration of the turning movements, 
and places both in the same category.* It is proper to state, 
however, that this explanation is not accepted by Longet" or 
by Vulpian,* both of whom have made numerous experiments 
with regard to the movements of rotation. In addition to 
the phenomena just described, Magendie has noted remark- 
able movements of the eyes following section of one of 
the pedimcles of the cerebellum. " The eye of the side op- 
crated upon is directed downward and forward : that of the 
opposite side is fixed in a direction upward and backward, 
which gives to the face a curious expression."* Longet 
noted the same phenomena in dogs and rabbits after division 
of one of the restiform bodies.' 

^ Brown-Sequabd, On Turning and Rolling produced ,hy Injuries of the 
Kervotu System. — Experimental Researches applied to Physiology and Pathology ^ 
New York, 1858, p. 21. 

' Brown-Sequard, Note sur les mouvemenis rofatoires. — Journal de la physic 
ologie^ Paris, 1860, tome iii., p. 720. 

• Longet, Traite de physiologie, Paris, 1869, tome iii., p. 397, (t seq, 

• VoLPiAN, Syslhne fierveux, Paris, 1866, p. 694. 

^ Maoendie, Lefons sur les fondions et les maladies du systkme nerveuXy Paris, 
1841, tome i., p. 261. 

• Lonoet, Train de physiologic^ Paris, 1869, tome iii., p. 892. 
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We do not propose to enter into an elaborate discussion of 
the above experiments, for the reason that they do not seem 
to have advanced our positive knowledge of the functions of 
the nerve-centres. In some of them, the movements have 
been observed toward the side operated upon, and in others, 
toward the sound side. These differences probably depend 
upon the fact, that in certain experimentsj the fibres are 
involved before their decussation, and in others, after they 
have crossed in the median line. In some instances, the 
movements may be due to a reflex action, from stimulation 
of afferent fibres, and in others, the action of the irritation 
may be direct. Judging from the fact that most of the en- 
cephalic commissural fibres are apparently insensible and 
inexcitable under direct stimulation, it is probable that the 
action is generally reflex. 

Though we have avoided a fiiU discussion of the question 
under consideration, it is one that may be, to some, of con- 
siderable interest, from the remarkable character of the phe- 
nomena observed, and the reader is referred for further in- 
formation to the elaborate chapter on this subject by Vulpian * 
and a recent article by Onimus.' Tq the latter article, there 
are many curious experiments upon frogs and aquatic birds. 

In concluding the physiological history of the encephalon, 
we have only to refer to the general properties of certain of 
the peduncles. Longet found that direct irritation of the 
superior and the inferior peduncles of the cerebellum, in 
rabbits, produced pain, but the distm*bance consequent upon 
exposure of the parts did not allow of any accurate observa- 
tions upon the movements. He says nothing of the general 
properties of the middle peduncles or of the peduncles of the 
cerebrum." 

' Vulpian, Systkme nerveux, Paris, 1866, p. 683, et »eq. 

• Onimus, Recherches erperimentaUa sur les p/iSnomhies eonsecutlfs d VablaHon 
du cerveau d aur la mouvemenU de rciaiion. — Journal de Vanatomie et de la phy» 
tioloffie, Paris, ISlO-'ll, tome vii., p. 662. 

» LoNorr, Traite de phytioloffif^ Paris, 1869, tome iii., p. 398. 
127 
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CHAPTEE XV. 

SYMPATHETIC NEEVOU8 SYSTEM. 

General arraDgeroent of the sympathetic system — Peculiarities in the intimate 
structure of the sympathetic ganglia and nerves — General properties of the 
sympathetic ganglia and nerves — ^Functions of the sympathetic system — 
Yfl so-motor nerves — ^Reflex phenomena operating through the sympathetic 
system — Trophic centres and nerves, so called. 

While there are certnin points in the physiology of the 
sympathetic nervous system that are perfectly well estab- 
lished, it must be admitted that its functions are, in many 
respects, obscure, and that our positive knowledge of its 
general properties and its relations to the functions of nutri- 
tion, secretion, movements, etc., amounts to comparatively 
little. The very name, sympathetic, is some indication of 
our indefinite ideas with regard to its functions ; but we have 
adopted this name, for the reason that it is the one most 
generally in use, though it has no very exact relation to the 
peculiar functions of the system. It is sometimes called the 
ganglionic nervous system ; but this name is inappropriate, 
as it implies that it alone possesses ganglia. The name of 
the system of organic, or vegetative life is more in accord- 
ance with its general functions ; but this is not so commonly 
used as that of sympathetic system. The older anatomists 
and physiologists called the great cord of this system the 
nervus intercostalis. 

As far as we know, there is no account of the sympathetic 
system, even in the most recent works on physiology or in 
epecial treatises, a careful study of which does not convey 
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the idea tliat there is little else in the literature of the sub- 
ject than controversial questions of priprity, etc., in minor 
details, and a few observations, some of them quite unsatis- 
factory, with regard to the effects of the division or galvani- 
zation of sympathetic filaments upon the functions of circu- 
lation, secretion, and animal heat. We can hardly venture 
to hope that this chapter will be exceptional in this regard, 
unless we pass over very briefly the bibliographical discus- 
sions so elaborately presented by many authors. It is un- 
fortunate that well-ascertained facts, which might be stated 
in a very few pages, should be so largely overshadowed by a 
mass of purely historical details of no great interest. Still, 
we must take the physiological data as we find them, and 
endeavor not to limit the knowledge to be looked for in 
the future, by adopting theories upon insufficient positive 
evidence. 

There are certain important anatomico-physiological ques- 
tions, more or less definitely determined, that have a direct 
bearing upon the fiinctions of the sympathetic system. These 
are the following : Is the sympathetic anatomically and physi- 
ologically dependent upon its connections with the cerebro- 
spinal nerves ? "What are the general properties of the sym- 
pathetic nerves as regards motion and sensation ? Do the 
sympathetic ganglia act as independent reflex nerve-centres ? 
To what extent and in what way do the sympathetic gan- 
glia and nerves influence the functions of the various organs 
and tissues to which their filaments are distributed ? A so- 
lution of these questions involves a careful and critical study 
of the results of experiments on living animals and of patho- 
logical facts ; and it is evident that very little information 
is to be derived from observations made anterior to the dis- 
covery of the properties and functions of the most important 
parts of the cerebro-spinal system. We will begin the study 
of these points with an account of the general arrangement 
and the peculiarities of structure of the sympathetic ganglia 
and nerves. 



Digitized by 



GoogI( 



418 NEBVOUS SYSTEM. 

General Arrangement of the Sympaihetic Syslem. 

Like the eerebro-spinal system, tlie sympathetic is com- 
posed of centres and nerves, at least as far as we can judge 
from its anatomy. The centres contain nerve-cells, most of 
which diflRer but little from the cells of the encephalon and 
spinal cord. The nerves are composed of fibres, the greater 
part of which are identical in structure with the ordinary 
motor and sensory fibres- The fibres are connected with 
the nerve-cells in the ganglia, and the ganglia are connected 
with each other by commissural fibres. These ganglia con- 
stitute a continuous double chain, on either side of the body, 
beginning above, by the ophthalmic ganglia, and termina- 
ting below, in the ganglion impar. It is important to note, 
however, that the chain of sympathetic ganglia is not inde- 
pendent, but that each ganglion receives motor and sensory 
filaments from the eerebro-spinal nerves, and that some fila- 
ments pass from the sympathetic to the eerebro-spinal cen- 
tres. The general distribution of the sympathetic filaments 
is to mucous membranes, and possibly to integument, to 
non-striated muscular fibres, and particidarly to the muscu- 
lar coat of the arteries. As far as we have been able to 
learn from anatomical investigations, there are no fibres de- 
rived exclusively from the sympathetic which are distributed 
to striated muscles, except those which pass to the muscular 
tissue of the heart. Near the terminal filaments of the sym- 
pathetic, in most of the parts to which these fibres are dis- 
tributed, there exist numerous ganglionic cells. 

The general arrangement of the sympathetic ganglia and 
the distribution of the nerves may be stated, sufficiently for 
our purposes, very briefly ; still, a knowledge of certain ana- 
tomical points is indispensable as an introduction to an in- 
telligent study of the physiology of this system. 

In the cranium, are four ganglia; the ophthalmic, the 
spheno-palatine, the otic, and the submaxillary. In the neck, 
are the three cervical ganglia ; the superior, middle, and in- 
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ferior. in the chest, are the twelve thoracic ganglia, coitc- 
sponding to the twelve ribs. The great semilunar ganglia, 
the largest of all, sometimes called the abdominal brain, are 
in the abdomen, by the side of the coeliac axis. In the lum- 
bar region, in front of the spinal column, are the four, and 
sometimes five, lumbar ganglia. In front of the sacrum, are 
the four or five sacral, or pelvic ganglia ; and in front of the 
coccyx, is a small, single ganglion, the last of the chain, 
called the ganglion impar. Thus, the sympathetic cord, as 
it is sometimes called, consists of from twenty-eight to thirty 
ganglia on either side, terminating below in a single ganglion. 

Cranial Ganglia. — The ophthalmic, lenticidar, or ciliary 
ganglion is situated deeply in the orbit, is of a reddish color, 
and about the size of a pin's-head. It receives a motor 
branch from the third pair, and sensory filaments from the 
nasal branch of the ophthalmic division of the fifth. It is 
also connected with the cavernous plexus and with Meckel's 
ganglion* Its so-called motor and sensory roots from the 
third and the fifth pair have already been described in con- 
nection with these nerves. Its filaments of distribution are 
the ten or twelve short ciliary nerves, which pass to the 
ciliary muscle and the iris. A very delicate filament from 
this ganglion passes to the eye with the central artery of the 
retina, in the canal in the centre of the optic nerve. 

The functions of the ophthalmic ganglion are connected 
exclusively with the action of the ciliary muscle and iris ; 
and we will here do nothing more than indicate its anatomi- 
cal relations, leaving its physiology to be taken up under the 
head of vision. 

The spheno-palatine ganglion was first described by 
Meckel, and is known as Meckel's ganglion.* This is the 
largest of the cranial ganglia. It is of a triangular shape, 

^ Meckel, Be Oanglio secundi Rami quinii Farts Kervorum Cerebri nupcr 
ieterlo, Herolini, 1749 ; in LuDWiq, Scriptores Nevrologici minora selecti^ Lipsise, 
1795, tomus iv., p. 7. 
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reddisli in color, and is situated in the spheno-maxQlar j fossa, 
near the spheno-palatine foramen. It receives a motor root 
from the facial, by the Vidian nerve. Its sensory roots are 
the two spheno-palatine branches from the superior maxillary 
division of the fifth. Its branches of distribution are quite 
numerous. Two or three delicate filaments enter the orbit 
and go to its periosteum. Its other branches, which it is 
unnecessary to describe fully in detail, are distributed to the 
gums, the membrane covering the hard palate, the soft pal- 
ate, the uvula, the roof of the mouth, the tonsils, the mucous 
membrane of the nose, the middle auditory meatus, a por- 
tion of the pharyngeal mucous membrane, and the levator 
palati and azygos uvulae muscles. It is probable that the 
filaments sent to these two striated muscles are derived from 
the facial nerve and do not properly belong to the sympa- 
thetic system.* They were first accurately described, with 
their connections, by Longct.' The ganglion also sends a 
short branch, of a reddish-gray color, to the carotid plexus. 

The otic ganglion, sometimes called Arnold's ganglion, 
is a small, oval, reddish-gray mass, situated just below the 
foramen ovale. It receives a motor filament from the facial, 
and sensory filaments from branches of the fifth and the 
glosso-pharyngeal. Its filaments of distribution go to the mu- 
cous membrane of the tympanic cavity and Eustachian tube, 
and to the tensor tympani and tensor palati muscles. Reason- 
ing from the general mode of distribution of the sympathetic 
filaments, those going to the striated muscles are derived 
from the facial.' It also sends branches to the carotid plexus. 

The submaxillary ganglion was discovered by Meckel.* 

1 In treating of the facial (see page 161), we have shown that the movements 
of the levator palati and azygos uvulic are animated by filaments derived from 
this nerve, which simply pass through Meckers ganglion. 

* LoNGET, Anaiomie et pliysiologie du systkme nerveitx^ Paris, 1842, tome il, 
p. 128. 

' See page 154. 

* Meckix, De quifUo Pare Nervorum CerdfH ; in Lrnwio, Scnptcret Xcvro- 
hffici minores telcdi^ Lipsiae, 1791, tomufl I, p. 214. 



Digitized by 



GoQgI( 



SYMPATHETIO NEBV0U8 SYSTEM. 421 

It is situated on tho submaxillary gland, is small, rounded, 
and of a reddish-gray color. It receives motor filaments from 
the chorda lympani, and sensory filaments from tho lingual 
branch of the fifth. Its filaments of distribution go to Whar- 
ton's duct, to the mucous membrane of the mouth, and to 
the submaxillary gland. 

Cervical Ganglia, — The three cervical ganglia are situ- 
ated opposite the third, fifth, and the seventh cervical ver- 
tebrae respectively. The middle ganglion is sometimes 
wanting, and the inferior is occasionally fused with the first 
thoracic ganglion. These ganglia are connected together 
by the so-called sympathetic cord. They have numerous 
filaments of communication above, with the cranial and the 
cervical nerves of the cerebro-spinal system. Branches from 
the superior ganglion go to the internal carotid, to fonn the 
carotid and the cavernous plexus, following the vessels as 
they branch to their distribution. Branches from this gan- 
glion pass to the cranial ganglia. There are also branches 
which unite with filaments from the pneumogastric and 
the glosso-pharyngcal to form the pharyngeal plexus, and 
branches which form a plexus on the external carotid, the 
vertebral, and the thyroid artery, following the ramifications 
of these vessels. 

From the cervical portion of the sympathetic, the three 
cardiac nerves arise and pass to the heart, entering into the 
formation of the cardiac plexus. The superior cardiac nerve 
arises from the superior ganglion ; the middle nerve, the 
largest of the three, arises from the middle ganglion, or from 
the sympathetic cord, when this ganglion is wanting; and 
the inferior nerve arises from the inferior ganglion or the first 
thoracic. These nerves present numerous communications 
with various of the adjacent cerebro-spinal nerves, penetrate 
the thorax, and form the deep and the superficial cardiac 
plexus, and the posterior and the anterior coronary plexus. 
In these various plexuses, are found numerous ganglioform 
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enlargements ; and upon the surface and in the substance 
of the heart, are numerous collections of nen^e-cells con- 
nected with the fibres, which were first accurately described 
and figured by Dr. Kobert Lee.* 

TJioraeic Ganglia, — The thoracic ganglia are situated in 
the chest, under the pleura, and rest on the heads of the 
ribs. They are usually twelve in number, but occasionally 
two are fused into one. They are connected together by 
the sympathetic cord. They each communicate by two fila- 
ments with the cerebro-spinal nerves; one of these being 
white, like the spinal nerves, and probably passing to the 
sympathetic, and the other, of a grayish color, is thought to 
contain the true sympathetic filaments. From the upper six 
ganglia, filaments pass to the aorta and its branches. The 
branches which form the posterior pulmonary plexus arise 
from the third and fourth ganglia. The great splanchnic 
nerve arises mainly from the seventh, eighth, and ninth 
ganglia, receiving a few filaments from the upper six gan- 
glia. This is a large, white, rounded cord, which penetrates 
the diaphragm and passes to the semilunar ganglion, send- 
ing a few filaments to the renal plexus and the suprarenal 
capsules. The lesser splanchnic nei've arises from the tenth 
and eleventh ganglia, passes into the abdomen, and joins the 
cojliac plexus. The renal splanchnic nerve arises from the 
last thoracic ganglion, and passes to the renal plexus. The 
three splanchnic nerves present numerous anastomoses with 
each other. 

Ganglia in the Abdominal and the Pelvic Camty, — 
The semilunar ganglia on the two sides send off radiating 
branches to form the solar plexus. They are situated by 
the side of the coeliac axis and near the suprarenal cap- 
sules. These are the largest of the sympathetic ganglia. 
From these arise numerous plexuses distributed to various 

^ Lee, On the Ganglia and Nervw of the Heart. — Philo9ophiral TranMadiout, 
1849, Part I, London, 1849. 
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parts in the abdomen, as follows : Tlie phrenic plexus follows 
the phrenic artery and its branches, to the diaphragm. The 
coeliac plexus subdivides into the gastric, hepatic, and splenic 
plexuses, which are distributed to organs as their names in- 
dicate. From the solar plexus, different plexuses are given 
off, which pass to the kidneys, the suprarenal capsules, the 
testes, in the male, and the ovaries, in the female, the intes- 
tines, by the superior and the inferior mesenteric plexuses, 
the upper part of the rectum, the abdominal aorta, and the 
vena cava. The filaments follow the distribution of the 
blood-vessels in the solid viscera. 

The lumbar ganglia, four in number, are situated in the 
lumbar region, upon the bodies of the vertebrae. They are 
connected with the ganglia above and below and with each 
other by the sympathetic cord, receiving, like the^ other gan- 
glia, filaments from the spinal nerves. Their branches of 
distribution form the aortic lumbar plexus and the hypogas- 
tric plexus, and follow the course of the blood-v(3sscls. 

The four or five sacral ganglia and the ganglion impar 
are situated by the inner side of the sacral foramina and in 
front of the coccyx. These are connected with the ganglia 
above and with each other, and receive filaments from the 
sacral nerves, there being generally two branches of com- 
munication for each ganglion. The filaments of distribution 
go to all of the pelvic viscera and the blood-vessels. The 
inferior hypogastric, or pelvic plexus is a continuation of the 
hypogastric plexus above, and receives a few filaments from 
the sacral ganglia. The most interesting branches from this 
plexus are the uterine nerves, which go to the uterus and 
the Fallopian tubes. In the substance of the uterus, the 
nerves are connected with small collections of ganglionic 
cells, which were described in 1839, by Dr. Robert Lee.* 
The sympathetic filaments are undoubtedly prolonged into 
the upper and lower extremities, following the course of the 
blood-vessels, and are distributed to their muscular coat. 

Lee, Memoir on the Oanglia and Nervet of the ITtertu, London, 1849. 
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According to the latest researches, the filaments of the 
sympathetic, at or near their termination, are connected with 
ganglionic cells, not only in the heart and the uterus, but in 
the blood-vessels, lymphatics, anal canals, the submucous and 
the muscular layer of the entire alimentary canal, the sali- 
vary glands, liver, pancreas, larynx, trachea, pulmonary tis- 
sue, bladder, ureters, the entire generative apparatus, supra- 
renal capsules, thymus, lachrymal canals, ciliary muscle, and 
the iris.* In these situations, nerve-cells have been demon- 
strated by various observers, and it is probable that they 
exist everywhere in connection with the terminal filaments 
of this system of nerves. 

PeculiaHtiea m the Intimate Structure of tJie Sympor 
thetic Ganglia and Ne^^ves. — The peculiarities in the struct- 
ure of the cells and fibres of the sympathetic system are 
not numerous, nor do they possess very great physiological 
importance. The free communications between the sympa- 
thetic ganglia and the cerebro-spinal nerves, and the differ- 
ences in the general appearance of certain of these anasto- 
mosing branches, lead to the important question of their 
origin. As a rule, the sympathetic nerves are softer and 
more gnayish in color than the spinal nerves. When there 
are two branches of communication between a ganglion and 
a spinal nerve, one of them is white and the other is gray- 
ish, and we might infer from this that one, the white, is 
derived from the spiral system, and the other, from the sym- 
pathetic ; but this is a point not yet settled by microscopical 
investigations. It has been conclusively shown, however, 
by Courvoisier, that the communicating fibres pass in both 
directions. Taking advantage of the degeneration of nerve- 
fibres after separation from their proper centres, this ob- 
server has demonstrated that, after division of the branches 
between the spinal nerves and the sympathetic ganglia, cer- 

^ Mater, in Stricker, Handbuch der Lehre von den Geweberij Leipzig, 1871, 
S. 820. 
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tain fibres lu the end attached to the spinal nerve become 
degenerated, while others retain their anatomical integrity. 
This shows that, in all probability, the cells to which the 
degenerated fibres belong are in the sympathetic ganglia, 
and that the perfect fibres belong to the cerebro-spinal sys- 
tem. On the other hand, in the end attached to the sympa- 
thetic ganglia, there are degenerated fibres which belong 
to the spinal system, and perfect fibres attached to the sym- 
pathetic cells. According to these observations, in frogs, 
the fibres belonging to the spinal nerves constitute about 
two-thirds of the communicating branches, one-third being 
derived from the sympathetic system. In rabbits, the pre- 
ponderance of the cerebro-spinal fibres is not so great.* 

While the branches of the sympathetic contain a largo 
number of the ordinary medullated fibres, such as are found 
in the cerebro-spinal nerves, they also present numerous 
fibres of Kemak, and fine fibres, from y^j-Jmr ^^ "oW ^^ ^^ 
inch in diameter, which are regarded by Kolliker as true 
efferent fibres from the sympathetic ganglia.* With regard 
to the fibres of Kemak, we have nothing to add to what we 
have already stated under the head of the general structure 
of the nervous system." These points, with the fact that 
most of the terminal filaments of the sympathetic are con- 
nected with nerve-cells in the substance of the different tis- 
sues, constitute the most important anatomical peculiarities 
of the sympathetic nerve-fibres. 

With regard to the cells, which constitute the character- 
istic anatomical element of the sympathetic ganglia, we shall 
have little to say, as their peculiarities at present seem to be 
of purely anatomical interest. They are generally rounded, 
ovoid, or pear-shaped, with a nucleus, generally clear, and a 

* CoURYOisiEB, Beohachtungen uber den sympalhUchen Oriimstrang. — Arcfdv 
fur microscopische Anatomies Bonn, 1866, Bd. ii., S. 80, et seq. The method 
adopted in these investigations is the one already referred to, employed by Wal- 
ler. (See page 80.) 

' Kolliker, dements d'histologie humaine, Paris, 1868, p. 426. 

' Sec page 24. 
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distinct nucleolus. They present a nucleated capsule, prob- 
ably composed of connective tissue, which is sometimes lined 
on its inner surface with a single layer of flattened, polygo- 
nal epithelium. Some of the cells are unipolar, some are 
bipolar, and some are multipolar. In frogs, Bealc and Ar- 
nold have described a peculiar appearance in certain cells, 
there being a single, straight prolongation, surrounded by a 
fine, spiral fibre. These have not been demonstrated in the 
human subject, and it is not necessary to enter into a discus- 
sion of the probable origin and nature of the spiral fibre.* 
The connection between the cells and fibres of the sympa- 
thetic is probably the same as in the cerebro-spinal centres, 
and is represented in the accompanying diagram, taken from 
Leydig. 

Fio. 11. 




Sympathetic ganglion with maltipolar cells ; hiprhly matrnifled. (Letdio, Traite d'hutoloffie, 
Paris, 1S66, p. 198.) 



General Proj>erties of the Sympathetic Ganglia aiid Nei^e^. 

The older writers had no definite ideas with regard to the 
functions of the sympathetic system, and were divided, even, 
on the simple question of its sensibility, some assuming that 

* For a fuU account of the spiral fibres and the pccaliarities of structure of 
the sympathetic system, the reader is referred to the elaborate article by Mayer. 
(Stricker, Handbuch der Lehre von den Gewchfn^ Leipzig, 1871, S. 816.) 
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tho gnnglia were absolutely insensible, while others noted 
distinct evidences of pain following their irritation in living 
animals. Passing to the researches of the more recent ob- 
servers, we find that Flourens noted evidences of pain on 
pinching the semilunar ganglia, in rabbits.* Brachet ex- 
posed the abdominal and the thoracic ganglia in calves, dogs, 
etc., and found them at first insensible, but pricking these 
parts produced pain after they had been exposed for a few 
minutes. The sensibility thus noted was thought by Brachet 
to be due to inflammation following exposure of the gan- 
glia.' Miiller foxmd that mechanical or chemical irritation 
of the semilunar ganglia in rabbits produced pain." With- 
out discussing the observations of Bichat * and others, who 
regarded the sympathetic ganglia and nerves as entirely in- 
sensible, we will pass to the direct experiments of Longet, 
the results of which seem to be entirely trustworthy and 
satisfactory, both as regards sensibility and the property of 
exciting movements. In all experiments of this kind, it is 
of course essential to avoid direct irritition or traction of 
the communicating branches from the cerebro-spinal nerves. 
In dogs, Longet noted distinct evidences of sensibility fol- 
lowing irritation of the semilunar ganglia, and pain after 
prolonged stimulation of the ganglia in the cervical and in 
the lumbar region, taking all precautions to avoid irritating 
the cerebro-spinal filaments. The sensibility of these parts, 
however, is dull as compared with that of the ordinary sen- 
sory nerv^es.* We have also noted a dull but well-marked 
sensibility of the cervical ganglia in rabbits. In view of the 
decided and uniform results of the most careful recent ex- 
periments on this point, there can be no doubt of the exist- 

* Flourens, JRecherchcs exphimerUaUa tur les proj/riHh ct ks fondiona du 
iysUme nn-veuXj Paris, 1842, p. 230. 

* Brachet, Recherchea experimentales gur let fonctiont du aysthne furveux 
ganplionaire^ Bruxelles, 1834, p. 306, et seq. 

' MiJLLER, Elements of Physiology^ London, 1840, vol. L, p. 712. 

* BiCHAT, AncUomie penerale^ Paris, 1801, tome i., p. 227. 

* LoNOET, Traite de phxtiologiey Paris, 1869, tome iil, p. 593. 
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ence of a certain dc^/cc of sensibility in the ganglia of tlio 
sympathetic system. 

As regards excitability, recent experiments are qnite 
satisfactory. Miiller exposed the intestines and the serai- 
lunar ganglia in rabbits ; and, having waited until the intes- 
tines, which generally present movements on first opening 
the abdomen, had ceased their contractions, the peristaltic 
movements " were immediately renewed with extraordinary 
activity" by touching the ganglia with caustic potash.* The ^ 
experiments of Longet show that a feeble continued galvanic 
current applied to the great splanchnic nerves produces con- 
tractions of the muscular coat of the intestines, when they 
contain alimentary matters, but that no contractions occur 
when they are empty.' On the other hand, Pfluger has ob- 
served that galvanization of the splanchnic nerves produces 
a passive condition of the small intestine ; that is, arrest of 
its movements without persistent contractions of its muscu- 
lar coat ; but these results were not confirmed in analogous 
experiments performed by Biffl.* More recently, in a series 
of very elaborate experiments, by Legros and Onimus, it has 
been shown that the induced galvanic current applied to the 
splanchnic nerves does not produce peristaltic movements, but 
that these movements are excited bjthc constant current.* 

Taking into consideration the most reliable direct obser- 
vations upon the sympathetic ganglia and nerves, the fact 
that their stimulation induces movements in the non-striated 
muscles to which' they are distributed can hardly be doubted. 
This action is particularly well marked in the muscular coat 
of the blood-vessels ; but here, the function of the nerves is 
so important, that it merits special consideration, and will 

' MuLLER, Elements of Physioloffy^ London, 1840, vol L, p. 718. 

' LoNQET, TraUe de phyisdogie^ Paris, 1869, tome iil, p. 695 ; and, Anatomu 
clphy^ologie du tysQme nerveuz, Paris, 1842, tome ii., p. 668. 

' PrLtOEB ET BiFFi, SuT utie iysQme gui tutpend let mouvemcnU de VifUetiin 
grele. — Journal de ia physioloffie^ Paris, 1868, tome l, p. 421. 

^ Lkgros et Onimus, Recherches expirimerUaIe$ sur tes mouvemenit de rinUttin. 
— Journal de ranaiamie^ Paris, 1869, tome vi., p. 196. 
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be treated of fully under tlie head of the vaso-moior nerves. 
The mechanism of these movements, however, is peculiar. 
The action does not immediately follow the stimulation, as 
it does in the case of the cerebro-spinal nerves and the striated 
muscles, but is induced gradually, beginning a few seconds 
after the irritation, endures for a time, and is more or less 
tetanic* This mode of action is peculiar to the sympathetic 
nerves and the non-striated muscular fibres. 

When we remember the invariable connection of the 
sympathetic gangHa with the cerebro-spinal nerves, we see 
at once the importance of the question of the derivation of 
the motor and sensory properties of the ganglionic system. 
Are the sympathetic ganglia independent nerve-centres, or do 
they derive their properties from the cerebro-spinal system ? 
This question may be satisfactorily answered by two kinds 
of experimental facts : In the first place, section or imtation 
of the spinal cord and certain of the encephalic centres is 
capable of influencing the vaso-motor system, a fact which 
will be dwelt upon more fuUy in another connection. In 
the second place, the experiments of Bernard upon the sub- 
maxillary ganglion *and its influence on the secretion of the 
submaxillary gland have demonstrated, in the most conclu- 
sive manner, that this ganglion is the centre presiding imme- 
diately over the reflex phenomena of secretion by the gland ; 
but it has also been shown that, when all of the connections 
of the submaxillary ganglion with the cerebro-spinal system 
are divided, after a few days, this ganglion loses its power as 
a reflex nervous centre.* In the volume on secretion, we 
have given numerous examples of reflex action through the 
sympathetic system." The experiments just cited from Ber- 
nard show that individual ganglia belonging to this system 
may act independently for a time ; but that this action can- 

^ Legros et Onimus, De la contraction dea musdea de la vie vegetative. — 
Journal de Vanatomie^ Paris, 1869, tome vi., p. 488. 

' Bernard, Rechercha experimerUalea sur les ner/s vcuctdairea et calor^fiques, 
^^oumal de la physiologies Paris, 1862, tome v., pp. 407, 410. 

* See vol ill, Secretion, p. 28, ft »eq. 



Digitized by 



GoogI( 



430 NERVOUS SYSTEM. 

not remain indefinitely, after the cercbro-spinal branches 
have been divided. It remains, however, to apply these ex- 
periments to other sympathetic ganglia; but, in the case of 
the submaxillary, they arc very satisfactory, from the fiicility 
with which the parts mny be operated upon, and the certainty 
with which the ganglion may be separated from its connec- 
tions with the cerebro-spinal system. As regards the ex- 
planation of the final loss of power over the fimctions of the 
submaxillary gland, the experiments of Waller seem to have 
escaped the attention of the eminent physiologist whom we 
have quoted. There is no experimental fact more conclu- 
sively demonstrated than that of the anatomical degeneration 
and consequent loss of physiological function of nerve-fibres 
in a few days after they have been separated from their cen- 
tres of origin. After division of a cerebro-spinal nerve-trunk, 
the tubes soon lose their anatomical characters, and will no 
longer respond to a galvanic stimulus. In the case of the 
fibres operating upon the submaxillary gland, the question 
of their degeneration after division of the cerebro-spinal 
roots was not submitted to microscopical investigation. If 
these fibres had undergone the degeneration which has so 
frequently been observed in experiments upon other nerves, 
their galvanization would not have produced any effect ; 
which was precisely the result obtained by Bernard. In the 
absence of direct observations upon this point, it is the most 
reasonable view to adopt, that the fibres from the cerebro- 
spinal nerves had lost their function, as a natural consequence 
of separation from their centres, and that this was the cause 
of the absence of effect upon the gland following their gal- 
vanization. The observation of Bernfird shows, however, 
that filaments may pass to special organs from the cerebro- 
spinal centres through the sympathetic ganglia. 

Functions of the Sympathetic System, 

In the early part of the last century (1712 and 1725), 
Pourfour du Petit demonstrated that the influence of the 
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sympathetic nerve in the neck (the great sympathetic was 
frequently called the nervns intercostalis) was propagated 
from below upward toward the head, and not from the brain 
downward. This may be taken as the starting-point of our 
definite knowledge of the functions of the sympathetic sys- 
tem, though the experiments of Petit only showed the influ- 
ence of the cervical portion upon the eye.* In 1816, Dupuy 
removed the superior cei*vical ganglia in horses, with the 
effect of producing injection of the conjunctiva, increase of 
temperatiu'e in the ear, and an abundant secretion of sweat 
upon one side of the head and neck.' These experiments 
showed that the sympathetic has an important influence on 
nutrition, calorification, and secretion. In 1851, Bernard 
repeated the experiments of Pourfour du Petit, dividing the 
sympathetic in the neck on one side in rabbits, and noted, 
on the corresponding side of the head and the ear, increased 
vascularity, and an elevation in temperature, amoimting to 
from 7° to ll*' Fahr. This condition of increased heat and 
vascularity continues for several months after division of the 
neiTC.' In 1852, Brown-S6quard repeated these experiments, 

* Petit, Memoire dam Uquel il est demonirS que les nerfa itdercostaux four- 
nitseni des rameaux qui portent des esprits daiis lea yeux. — Memoires de Vacademie 
roycde des sciences^ Ann^e 1727, Paris, 1729, p. 5, et neq, 

' Dupuy, Vermche iiber die Werpiahme des ersUn 'HaUknolens des Ganglionner- 
ven bei Pferden (Aus Lenmx's Joum, de Medec^ t. xxxvii., 1816, pp 340-850). — 
Deuisclies ArcJdv fur die Fhysiologiey Halle imd Berlin, 1818, Bd. iv., S. 106, et 
seq. 

We have been unable to consult the article by Dupuy in the original, but the 
reference in Meckel's Archiv gives a full account of the experiments and conclu- 
sions. In one experiment, it is stated that, after removal of the ganglia on both 
sides, in a horse, already feeble and emaciated, the face and ears became hot 
and moist. Dupuy does not seem to have attached much importance to the ele- 
vation in temperature. In his conclusions, he states that " the consequences 
of destruction of the ganglia are, constriction of the pupils, redness of the con- 
junctiva, general emaciation, as well as oedema of the extremities and a general 
cutaneous eruption. The ganglionic nerve appears to have a great influence 
upon nutrition." 

' Bernard, Influence du grand sympathique sur la sensibiliie et but la caloriju 
cation. — Cornpks rcndus de la sociite de biologie^ Paris, 1861, tome iii., p. 168. 
128 
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and attributed the elevation of temperature directly to an 
increase in the supply of blood to the parts affected. He 
made a most important advance in the history of the sympa- 
thetic, by demonstrating that its section paralyzed the mus- 
cular walls of the arteries, and, farther, that galvanization 
of the nerve in the neck caused the vessels to contract. This 
was the discovery of the vaso-motor nerves, concerning which 
so much has been written within the past few years, and 
it belongs without question to Brown-S^quard, who published 
his observations in August, 1852/ A few months later, in 
the same year, Bernard made analogous experiments, and 
presented the same explanation of the phenomena observed.* 

The above embraces all that is important with regard to 
the history of experimental observations upon the sympa- 
thetic. It is evident that we could know nothing of the 
functions of this system before the time of Pourfour du 
Petit, when the prevailing opinion was that the nerve origi- 
nated from the encephalon, and that its influence was propa- 
gated downward ; and the writings of Bichat, Brachet, Tie- 
demann, and others, published anterior to the experiments 
of Bernard and of Brown-Sequard, present interesting sug- 
gestions and theories, but contain little that bears upon our 
|X)sitive knowledge. 

The important points developed by the first experiments 
of Bernard and of Brown-S6quard were, that the sympathetic 
influences the general process of nutrition, and that many 
of its filaments are distributed to the muscular coat of the 
blood-vessels. Before these experiments, it had been shov^Ti 
that filaments from this system influenced the contractions 

* Browx-Seqcard, Experimented Jtetearches applied to Phif%wlogy and Pathol- 
ofy. — Tlie Medical Examiner^ Philadelphia, August, 1852, New Series, toL viiL, 
p. 489. In 1839, Valentin referred to filaments of the sympathetic distributed 
to the blood-vessels and influencing their calibre (Valentin, Dt Fundumibut 
Nervorum Cerebralium et N(rvi Sympal/tetici^ Bemte, 1839, p. 153, et teq.). 

* Berhard, Sur lea rffets de la section de la portion cephalique du grand sym- 
pathique. — Compte rendu des aeatieea de la $ociete de biologic pendant le moit de 
novembre^ Paris, 1852, tome iy., p. 169, 
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of the muscular coats of the aKmentary canal. Leaving, for 
the present, the action of the vaso-motor nerves, we will 
briefly recapitulate some of the facts with regard to the in- 
fluence of the sympathetic upon animal heat ahd secretion. 

When the sympathetic is divided in the neck, the local 
increase in temperature is always attended with a very great 
increase in the supply of blood to the side of the head corre- 
sponding to the section. The increased temperature is due 
to a local exaggeration of the nutritive processes, apparently 
dependent directly upon the hyperemia ; and it is not prob- 
able that there are any nerves to which the name of calorific, 
as distinguished from vaso-motor, can justly be^ applied. 
There are numerous instances in pathology of local increase 
in temperature attending increased supply of blood to re- 
stricted parts. 

The experiment of dividing the sympathetic in the neck, 
especially in rabbits, is so easily performed, that the phenom- 
ena observed by Bernard and Brown-S6quard have been re- 
peatedly verified. We have often done this in class-demon- 
strations. A very striking experiment is the following, sug- 
gested by Bernard : * After dividing the sympathetic and ex- 
hibiting the increase in the temperature and the vascularity 
of the ear on one side in the rabbit, if both ears be cut off 
just above the head with a sharp knife, the artery on the 
side on which the sympathetic has been divided will fre- 
quently send up a jet of blood to the height of several feet, 
while, on the sound side, the jet is always much less forcible, 
and may not be observed at all. This experiment succeeds 
best in large rabbits. 

It is very easy to observe the effects of dividing the 
sympathetic iA the neck, but analogous phenomena have been 
noted in other parts. Among the most striking of these 
experiments are those reported by Samuel, who noted an 
intense hypenemia of the raucous membrane of the stomach 

' Bernard, Recherches ezpSrimentales sur Us nerf% vasculairea et ealoriflqws 
dit grand sympcUhique. — Journal de la phy^ioloffUy Paris, 1862, tome v., p. S97. 
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and intestines following extirpation of the eoeliac plexus. By 
conaparative experiments, it was shown that this did not re- 
sult from the peritonitis produced by the operation.' 

As regards secretion, the influence of the sympathetic is 
very marked. When the sympathetic filaments distributed 
to a gland are divided, the supply of blood is very much in- 
creased, and an abundant flow of the secretion follows. This 
point we have already discussed in another volume, and have 
referred particularly to the experiments of Bernard upon the 
salivary glands.* In some recent experiments by Peyrani, 
it has been shown that the sympathetic has a remarkable in- 
fluence oyer the secretion of urine. When the nerves are 
galvanized in the neck, the amount of urine and urea is in- 
creascid, and this increase is greater with the induced than 
with the constant current. When the sympathetic is divided, 
the quantity of urine and urea sinks to the minimum.' 

Since the publication of our volume on secretion, Dr. 
Moreau has published a series of observations on the influ- 
ence of the sympathetic nerves upon the secretion of liquid 
by the intestinal canal, which are peculiarly interesting in 
their bearing upon the sudden occurrence of watery diar- 
rhoea. In these experiments, the abdomen was opened in a 
fasting animal, and three loops of intestine, each from four to 
eight inches long, were isolated by two ligatures. All of 
the nerves passing to the middle loop were divided, taking 
care to avoid the blood-vessels. The intestine was then 
replaced, and the wound in the abdomen was closed with 
sutures. The next day the animal was killed. The two 
loops with the nerves intact were foimd empty, as is normal 
in fasting animals, and the mucous membrane was dry ; but 
the loop with the nerves divided was found' filled with a 

* Samuel, Prindpea fondameniaux de Vhistoire da systems mrveux nutritif, — 
Journal de la physidogie^ Paris, 1860, tome iii., p. 580. 

* See vol. iii., Secretion, p. 28, et seq. 

* Peyrani, Le sympathique par rapport d la secretion des urines. — Compte* 
rendusj Paris, 18V0, tome Ixx., p. 1300. 
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clear, alkaline liquid, colorless or slightly opaline, which pre- 
cipitated a few flocculi of organic matter on boiling.* 

Vaao-Motor Nerves. 

The experiments which we have already cited demonstrate? 
beyond a doubt the existence of nerves distributed to the 
muscular coats of the blood-vessels, and capable of regulating 
their calibre and the quantity of blood sent to different parts. 
These are the vaso-motor nerves, discovered by Brown-S6- 
quard, in 1852.' The importance of nerves capable of regu- 
lating what we may call the local circulations is sufficiently 
apparent. The glands, for example, require at certain times 
an immense increase in their supply of blood, and the same 
is probably true of the muscles, brain, and other parts. It 
has been shown, by direct experiments upon living animals, 
that local variations in the circulation, independent of the 
action of the heart, actually take place, and that they are of 
great importance in special functions ; and there are nu- 
merous instances of such action, which can only take place 
through the nervous system. The phenomena of blushing 
and pallor, from mental emotions, are familiar examples. 

There can be no doubt of the fact that the sympathetic 
branches contain filaments capable of modifying the calibre 
of the blood-vessels, and that the cerebro-spinal nerves also 
contain elements possessing analogous properties ; but when 
we reflect upon tlie extensive anastomoses, in both directions, 
between the sympathetic and the ordinary motor and sensory 
nerves, we can appreciate the importance of determining the 
exact origin and course of these vaso-motor fibres. The first 
important question is, whether the vaso-motor filaments be 
derived from the sympathetic ganglia or from the cerebro- 
spinal centres. 

All experiments upon the question just proposed tend to 

* HoREAU, Experiences ph/sioiojiques 8ur VirUe8tin,~^Bul/etin de racademie 
impiiriale de mededne^ Paris, 1860, tome xxxv., p. 888. 

• See page 482. 
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sliow that tlie vasomotor nerves are derived exclusively from 
the cercbro-spinal system, and do not originate in the sym- 
pathetic ganglia. "Without citing the numerous confirmatory 
observations of different physiologists, it is sufficient to state 
tliat Schiff has experimentally demonstrated, in the most 
conclusive manner, that the vaso-motor nerves are derived 
from the cerebro-spinal centres and not from the sympathetic 
ganglia/ There is now no difference of opinion among physi- 
ologists upon this point, the only question being the exact 
location of the vaso-motor centres. Ludwig and Thiry found 
that section of the cord in the upper cervical region produced 
dilatation of most of the blood-vessels of the organism, but 
notably of the mesenteric vessels, and that galvanization of 
the cord at its lower cut extremity caused the vessels to con- 
tract.' These observations have been repeatedly confirmed. 
As a summary of our present knowledge of the origin 
of the vaso-motor nerves in the cerebro-spinal axis, we may 
cite the following remarks, from a review of the experiments 
of Schiff, by Brown-S6quard : " 1. That if there are vaso- 
motor elements which decussate in the spinal cord, their 
number is excessively small. 2. That the facts observed 
by M. Schiff, on this subject, admit of a more simple ex- 
planation. 3. That a number of the vaso-motor elements 
stop in the spinal cord. 4. That a tolerably large number 
of vaso-motor elements, coming from different points in the 
body, ascend as far as the tuber annulare, and some as far as 
the cerebellum and to other parts of the encephalon. 5. 
That consequently, the medulla oblongata is not the sole 
source of the vaso-motor elements."* These statements 
express pretty much all that we know of the origin of the 
vaso-motor elements and their decussation, as far as their 

* Schiff, Untersuchungen zur Physiologie des KerveusystemB^ Frankfurt am 
Main, 1855, S. 167, et aeg, 

• LcDwio UND Thiry, Gber den Einfitus des HaUmarkei anf den BluMrom. — 
SUzunffs-hericfiU der malhematiachnaturwiasenschaftiichen Chsse der kaiserlkhen 
Sk€ulemi€ der Wissenscha/leny Wien, Bd. xlix., li Abtheilung, S. 421, ei seg, 

' Journal de la phytiologify Paris, 1858, tome i., p. 214. 
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direct action is concerned ; but some important points have 
been developed by observations on reflex vaso-motor phenom- 
ena, involving a transmission of impressions to the centres 
through the nerves of general sensibility. 

Reflex Phenomena operating through the Synvpathetic 
System. — ^We shall not discuss, in this connection, the reflex 
phenomena of secretion, as these have already been consid- 
ered with sufficient minuteness in another volume,* nor 
again treat of reflex action, through the sympathetic, upon 
the general circulatory system, which has been taken up 
ftilly under the head of the depressor-nerve oi the circu- 
lation, described by the brothers Cyon,'' but shall here de- 
scribe certain reflex acts, involving vaso-motor phenomena, 
which we thus far have touched upon very briefly. 

In treating of animal heat, the phenomena of which are 
intimately connected with the supply of blood to the parts, 
we have mentioned the observations of Brown-S6quard and 
Lombard, who found that pinching of the skin on one side 
was attended with a diminution in the temperature in the 
corresponding member of the opposite side, and that some- 
times, when the irritation was applied to the upper extremi- 
ties, changes were produced in the temperature of the lower 
limbs. Tholozan and Brown-S6quard found, also, that low- 
ering the temperature of one hand produced a considerable 
depression in the heat of the other hand, without any nota- 
ble diminution in the general heat of the body. Brown- 
S^quard showed that by immersing one foot in water at 41 ^^ 
Fahr., the tempemture of the other foot was diminished 
about 7° Fahr. in the course of eight minutes.* These facts 
show that cei*tain impressions made upon the sensory nerves 
affect the animal heat by reflex action. As section of the 
sympathetic filaments increases the heat in particular parts, 
with an increase in the supply of blood, and their galvaniza- 

* See vol. iii., Secretion, p. 82. * See page 229. 

' See vol. iii., Nutrition, p. 416. 
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tion reduces the quantity of blood and diminishes the tem- 
perature, it is reasonable to infer that the reflex action takes 
place through the vaso-motor nerves. K we assume that 
the impression is conveyed to the centres by the nerves of 
general sensibility, and that the vessels are modified in 
their calibre and the heat is affected through the sympathetic 
fibres, we have only to determine the situation of the cen- 
tres which receive the impression and generate the stimulus. 
These centres, as we have already seen, are not located in 
the sympathetic ganglia, but in the cerebro-spinal axis. 

In this^ connection, we may quote a curious observation 
by Schiff, which he brings forward to illustrate the influence 
of the brain in certain acts, probably operating througlx the 
sjrmpathetic system : " It is undisputed that psychical acts 
are determined by the brain. If we bring a dog and a cat 
together, their psycliical irritation is manifested more espe 
cially therein that the hair of the dog on his back, of the 
cat on her tail, stands up. Now, if we destroy, in the cat, 
the lumbar portion of the spinal cord, and bring her together 
with a strange dog, the hair of the tail will still rise. If we 
leave the spinal nerves intact, the hair of the cat's tail will 
remain smooth, even though she be attacked by a dog." ' 

From all of these observations, and others of the same 
kind which we have not thought it necessary to quote, the 
existence of vaso-motor nerves and their connection with 
centres in the cerebro-spinal axis are sufliciently well estab- 
lished. It is certain, also, that centres presiding over par- 
ticular functions may be located, as the genito-spinal centre, 
in the spinal cord opposite the fourth lumbar vertebra, and 
the cilio-spinal centre, in the cervical region of the cord, 
both described by Budge.* A stimulus generated in these 

^ Schiff, The Independfncc of (he Sympathetic. — Journal of JPsychological 
Vedlcine, New York, 18V1, vol v., p. 687. 

* BuDfJE, Zehrb'tch der tipecieUcn Physiologie dcs Menaclun^ Leipzig, 1862, 
S. 510, 767. 

In a recent review of the theory proposed by Cyon ; viz., tliat the true 'vaso- 
motor centres are located in the encephalon, above the medulla oblongata and 
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centres, sometimes as the result of impressions received 
through the nerves of general sensibility, produces contrac- 
tion of the non-striated muscular fibres of tlie iris,* vasa 
deferentia, etc., including the muscular walls of the blood- 
vessels. The contraction of the muscular walls of the ves- 
sels is tonic ; and when their nerves are divided, relaxation 
takes place, and the vessels are dilated by the pressure of 
blood. By this action, the local circulations are regulated 
in accordance with impressions made on sensory nerves, 
the physiological requirements of certain parts, mental emo- 
tions, etc. Secretion, the peristaltic movements of the ali- 
mentary canal, the movements of the iris, etc., are influenced 
in this way. This action is also illustrated in cases of reflex 
paralysis, in inflammations as the result of " taking cold," 
and in many pathological conditions, of which it is not our 
proWnce to treat. The facts already noted with regard to the 
excito-motor action of the spinal cord in the functions of ani- 
mal life have their analogy in the vaso-motor reflex system. 
"When the centres are destroyed, when the sensory nerves 
are paralyzed by anaesthetics, or when the true vaso-motor 
nerves are divided, reflex vaso-motor action is abolished. 

The vaso-motor filaments arq not confined to the branches 
of the sympathetic, but they exist as well in the ordinary 
cerebro-spinal nerves. Bernard has demonstrated this fact 
in the most conclusive manner. lie divided the fourth, 
fifth, sixth, seventh, and eighth pairs of lumbar nt'/\ e^ on 
one side in a dog, at tlie spinal column, and paralyzed mo- 

the cerebellum, and that no effects upon the blood-vessels following irritation 
of the sensory nerves are observed when the encephalon is extirpated, leaving 
the medulla and cerebellum, or when the sensory nerves are paralyzed by ames- 
thctics, Heidcnhain presents positive results in opposition to the negative obser- 
vations of Cyon, at least as far as the experiments after removal of the superior 
parts of the encephalon are concerned. (Heidenhain, Ueber CyorCs n^ue T/uorie 
der centralen Innervation der Gcfassnerven. — Archivf'ur die gt^ammte Physiology 
Bonn, 1871, Bd. iv., S. 651, et seq.) 

* We assume that dilatation of the iris is produced by the contraction of 
radiating fibres. Their existence, however, is denied by some anatomists. "We 
will discuss this question fully under the head of yision. 
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tion and sensation in the leg of tliat side, but the tempera- 
ture of the two sides remained the same. He afterward ex- 
posed and divided the sciatic nerve on that side, and then 
noted a decided increase of temperature.' This experiment, 
which is only one of a large number, shows conclusively that 
the ordinary mixed nerves contain vaso-motor fibres, which 
arc entirely independent of the nerves of motion and sensa- 
tion, a fact which is admitted by all physiologists, and has 
frequently been illustrated in cases of disease in the human 
subject. 

It only remains to show that the phenomena following 
section of the sympathetic in animals are illustrated in cer- 
tain cases of disease or injury in the human subject. It is 
excessively rare to observe traumatic injury confined to the 
sympathetic in the neck. A single case, however, apparently 
of this kind, has lately been reported by Mitchell. A man 
received a gunshot-wound in the neck. Among the phe- 
nomena observed a few weeks after, were, contraction of 
the pupil on the side of the injury, and, after exercise, fiush- 
ing of the face upon that side. There was no difierence in 
the temperature upon the two sides, during repose, but no 
thermometric observations were made when half of the face 
was flushed by exercise.' Dr. Bartholow has reported sev- 
eral cases of unilateral sweating of the head, two observed 
by himself, in several of which there was probably compres- 
sion of the sympathetic from aneurism. In those cases in 
which the condition of the eye was observed, the pupil was 
found contracted in some and dilated in others. In none 
of these eases, were there any accurate thermometric obser- 
vations.* In a series of observations by "Wagner, upon the 
head of a woman, eighteen minutes after decapitation, pow- 

• Bernard, RecJterches expkrimtnidles sur les nerfs voMttlaires et caJorifiques 
iu grand sipnpaUilqw, — Journal de la pht/sioloffie^ Paris, 1862, tome v^ p. 88y. 

• Mitchell, Injurin of Nerves^ Philadelphia, 1872, p. 818. 

• BxRTHOLOW, Unilateral Sweating of the Head. — Quarterly Journal of PtychO' 
logical Medicine^ New York, 1869, toI. iii., p. 134, ei rteq. 
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erful galvanization of the sympathetic produced great en- 
largement of the pupil/ In such a case as this, it would not 
be possible to make any observations on the influence of the 
sympathetic upon the temperature. 

Trophic Centres and Nerves^ so called. 

We have deferred the consideration of the so-called tro- 
phic nerves until we had treated of the functions of the . 
sympathetic system, because the vaso-motor nerves, by their 
influence upon the circulation, are evidently connected with 
the phenomena of nutrition. It is not necessary to dwell 
very minutely upon this point ; but cases of disease, as well 
as experiments upon the inferior animals, show that when a 
muscle is paralyzed, as a result of the abolition of nervous 
in^uence and consequent disease, it becomes atrophied, its 
fibres lose their characteristic structure, and finally become 
incapable of contracting under any stimulus. As we have 
seen that the cerebro-spinal nerves, in addition to their mo- 
tor and sensory fibres, contain vaso-motor elements, it be- 
comes a question whether the muscles be supplied with 
special nerves, aside from those of motion and sensation 
and the vaso-motor nerves, which preside over their nutri- 
tion. Such could properly be called trophic nei*ves. Many 
l^athologists, relying upon the presence of certain lesions 
of cells in the cord, in connection with cases of progressive 
muscular atrophy, admit the existence of trophic cells and 
nerves. It must be admitted, however, that these views 
rest upon pathological facts alone, and have not been de- 
monstrated by physiological experiments or observations. 

After what we have said, it is evident that proper nutri- 
tion of the muscular system depends upon its exercise and 
the integrity of its motor nerves. In the second place, the 
history of monsters shows that the muscular system may be 

> Wagnkr, JVb^e sur quelquet experiences tur la partie cervieale du nerfsympo' 
ihique chez unefemme decapUee, — Journal de la phyaioloffie, Paris, 1860, tome iii., 
p. 175. 
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developed independently of the cerebro-spinal centres. In 
the admirable work of Braehet, on the ganglionic system, 
numerous cases of anencephalic * monsters are detailed, taken 
from Morgagni, Wepfer, Kuiseh, Littr6, Lallemand, Eoux, 
Fauvel, Mery, Saviard, Eouhaud, Schellhase, Heyshan, 
Bayle, Lordat, Saint-Hilairc, and others, in which the mus- 
cular system was found more or less perfectly developed. 
. In some of these, the foetus was delivered at term and lived 
for several hours. In the case reported by Bayle, the child 
was bom with two teeth and lived for seven days. Heyshan 
reported a case that lived for six days. When we consider 
the gi'eat number of cases of this kind on record, a few of 
which only are cited by Braehet, it is evident that the cere- 
bro-spinal centres are not absolutely necessary to develop- 
ment in utero. Some of the cases reported presented spas- 
modic movements of certain muscles.' 

While it is certain that a foetus may become developed 
in literoj when there is reason to suppose that the cerebro- 
spinal influence is wanting and the chief nervous operations 
are effected through the ganglionic system, direct experi- 
ments upon the sympathetic in animals do not positively 
show any influence upon nutrition, except as this system 
of nerves affects the supply of blood to the parts. When we 
divide a sympathetic nerve, there is an apparent exaggera- 
tion of the nutritive processes in particular parts, and there 
may be inflammatory phenomena, but atrophy of muscles is 
not observed. Indeed, we only have atrophy of muscles 
following division of cerebro-spinal nerves, or, as recently- 

* The term anencephalic is here used in the sense in which it was employed 
by Saint-Hilairef as signifying absence of the encephalon and spinal cord, or 
the entire cerebro-spinal axis. It is sometimes applied to cases of absence of 
the encephalon, which are more commonly called acephalous. 

^ Brachet, Recherche^ experimentales sur les/ondioM du systewe nervetix yan- 
gHonaire^ Bruxelles, 1834, p. 103, et seq. 

At the time the work of Braehet was written, it presented an admirable 
account of the physiology of the sympathetic system ; but it antedates the posi- 
tive facts ascertamed by Bernard, Brown-S6quard, and other writers, to whom 
we have made frequent reference. 
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observed eases of disease have shown, after disorganization 
of cells belonging to what we recognize as motor centres. 
As regards the latter condition, there can be no doubt of 
the fact that progressive muscular atrophy is attended with 
disorganization of certain of the motor cells of the spinal 
cord. 

Without fully discussing this subject, which belongs to 
pathology, the facts may be briefly stated as follows : We 
may have progressive atrophy of certain muscles, which may 
be uncomplicated with paralysis, except in so far as there is 
weakness of these muscles, due to partial and progressive de- 
struction of their contractile elements. The only pathologi- 
cal condition in these cases, aside from the changes in the 
muscular tissue, is destruction of certain cells in the antero- 
lateral portions of the cord, with more or less atrophy of 
the coiTcsponding anterior roots. No one has pretended to 
have demonstrated cells in the cord, presenting anatomical 
peculiarities by which they may be distinguished from the 
ordinary motor or sensoiy elements, but the fact of the de- 
generation of certain cells, others remaining normal, and 
this fact alone, has led to the distinction, by certain writers, 
of trophic cells ; and, of course, these must be connected 
with the muscles by trophic nerves.* 

We shall now study the phenomena of progressive mus- 
cular atrophy from a physiological point of view, and see if 
they afford any positive evidence of the existence of special 

* Cases of progressive muscular atrophy have recently been studied with 
gi*eat minuteness, and connected with lesions of certain cells in the cord, by 
various authors ; among whom may be mentioned, Hayem (Note sur un cas 
d" atropine mttscuiaire progressive avec U»io»8 de la modle, — Archives de physiologie^ 
Paris, 1869, tome ii., pp. 268, 891); Charcot and Joffroy {Deux cwt d^atrophie 
musculaire progressive avec lisions de la substance grise et des faisceaux antero- 
lateral de la moelle ipinhre. — ^Ibid., pp. 854, 629, 744) ; and Duchenne and Jof- 
froy (De Vatrophie aigue et chronique des ceUtUes nerveuses de la moelle et du hulhe 
rachidien. — Ibid., 1870, tome iii., p. 499). 

For a full account of the disease in question, with its relatioiis to the degen- 
eration of nerve-cells, the reader is referred to HmifOND, Diseases of the Nervous 
System, New York, 1871 p. 663, et seq. 
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cells and nerves presiding over the nutrition of the muscular 
system, or whether the phenomena observed cannot be ex- 
plained by the partial degeneration of the ordinary motor 
cells and nerves. 

There can be no doubt of the fact that the cells of the 
anterolateral columns of the spinal cord preside over mo- 
tion, and that the stimulus generated in these cells is con- 
veyed to the muscles by the anterior roots of the spinal 
nerves. It is a fact, no less definite, that when a muscle or 
a part of a muscle is deprived of the motor stimulus by 
which it is brought into action, its fibres atrophy, become 
altered in structure, and lose their contractility. Starting 
with these two well-defined physiological propositions, and 
assuming that a few of the ordinary motor cells of the cord 
are destroyed — we will not call them trophic cells — ^what 
arc the phenomena to be expected as a consequence of such 
a lesion 1 Eeasoning from what we know of the physiology 
of the nervous system, we should expect to find the follow- 
ing conditions : 

The destruction of certain motor nerve-cells would cer- 
tainly produce degeneration of the fibres to which they give 
origin. This has been observed ; for, in this condition, the 
anterior roots arising from the diseased portions of the cord 
are atrophied. This occurs when any motor nerves are 
separated from their cells of origin, and there is no necessity 
of assuming the existence of special trophic cells or nerves. 

If a few of the motor cells be aftected with disease, and 
the degeneration be gradual and progressive, we should 
expect progressive and partial paralysis of the muscles to 
which their nerves are distributed. This paralysis, confined 
to a limited number of fibres of particular muscles or sets 
of muscles, would give the idea of progressive weakening 
of the muscles, and the phenomena would not be those 
observed in complete paralysis, produced by section of the 
motor nerves. These are precisely the phenomena observed 
in progressive muBcular atrophy, preceding the pai'alysis, 



Digitized by 



GoogI( 



TifcOPmO CKNTEES AND NEBVE8, 80 CALLED. 445 

which is the final result of the disease, and these do not 
involve the action of any special centres or nerves. 

As regards the muscular atrophy itself, if the nervous 
stimulus be progi*essively destroyed, the muscular tissue will 
necessarily undergo degeneration and atrophy. 

With the above considerations, we leave the trophic cells 
and nerves to the pathologist, and can only admit the exist- 
ence of centres and nerves specially and directly influencing 
the nutrition of the muscular system, when it has been de- 
monstrated that there are lesions of particular structures in 
the nervous system, which produce phenomena that cannot 
be explained by our knowledge of the action of ordinary 
motor and sensory nerves and of the vaso-motor system.* 

We have thus endeavored to represent what is actually 
known concerning the sympathetic system, but it is evident 
that we have much to learn with regard to its physiology. 
Thegreat sympathetic ganglia may have functions of which 
we have no definite idea ; and we are better prepared to 
advance our knowledge in this direction, by admitting our 
ignorance, than by attempting to supply the deficiencies in 
our positive information by theories unsupported by facts. 

* We have discussed the question of the existence of trophic nerves from a 
physiological point of view only. In a late review of the subject, by Dr. Hand- 
field Jones, the same opinion is expressed, based upon pathological arguments, 
aB will be seen by the following quotation : 

** In conclusion, I may state that my review of the subject leads me to dis- 
credit very much the doctrine that there exists a special class of trophic nerves ; 
Inasmuch as all the phenomena, to explain which their existence might be in- 
voked, seem to be fairly explicable by alterations in the condition of those 
which have been long familiar to us.'* (Handfield Jones, Are there Special 
Tropfiic Nerves? — St. George's Hospital ReportB, London, 1868, vol. iii., p. 109.) 
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CHAPTER XVI. 

SLEEP. 

General considerations — CDndition of the organism during sleep— Dreams — ^Re- 
flex mental phenomena during sleep— Condition of the brain and nervous 
system during sleep — ^Theories of sleep— Anaesthesia and sleep produced 
by pressure upon the carotid arteries — Differences between natural sleep, 
and stupor and coma — Regeneration of the brain-substance during sleep- 
Theory that sleep is due to a want of oxygen — Condition of the various func- 
tions of the organism during sleep. 

When wc remember that about one-third of our existence 
is passed in sleep, and that, at this time, voluntary motion, 
sensation, the special senses, and various of the functions of 
the organism, are greatly modified, the importance of a physi- 
ological study of this condition is sufficiently apparent. The 
subject of sleep is most appropriately considered in connec- 
tion with the nervous system, for the reason that the most 
important modifications in function are observed in the 
cerebro-spinal axis and nerves. Repose is as necessary to 
the nutrition of the muscular system as proper exercise ; but 
repose of the muscles relieves the fatigue due to exercise, 
without sleep. It is true that after violent and prolonged 
exertion, there is frequently a desire for sleep, but simple 
repose will often restore the muscular power. After the 
most violent effort, a renewal of muscular vigor is most easily 
and completely effected by rest without sleep, a fact familiar 
to all who are accustomed to athletic exercises. The glands 
engaged in the production of the true secretions need certain 
intervals of repose ; but this does not necessarily involve 
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filcep. After prolonged and severe mental exertion, how- 
eyer, or after long-continued muscular effort which involves 
an excessive expenditure of the so-called nerve-force, sleep 
becomes an imperative necessity. If the nervous system be 
not abnormally excited by effort, sleep follows moderate 
exertion as a natural consequence, and is the only physi- 
ological means of complete restoration ; but the two most 
important muscular acts ; viz., those concerned in circulation 
and respiration, are never completely arrested, sleeping or 
waking, though they undergo certain modifications. 

In infancy and youth, when the organism is in process 
of development, sleep is more necessary than in adult life or 
old age. The infant does little but sleep, eat, and digest. 
In adult life, under perfectly physiological conditions, we 
require about eight hours of sleep ; some persons need less, 
but very few require more. In old age, unless after extraor- 
dinary exertion, less sleep is requii*ed than in adult life. 
Each individual learns by experience how much sleep is 
necessary for perfect health, and there is nothing which more 
completely incapacitates one for mental or muscular effort, 
especially the former, than loss of rest. 

Sleeplessness is one of the most important of the predis- 
posing causes of certain forms of brain-disease, a fact which 
is well recognized by practical physicians. One of the most 
refined and exquisite methods of torture is long-continued 
deprivation of sleep ; and persons have been known to sleep 
when subjected to acutely painful impressions. Severe mus- 
cular effort, even, may be continued during sleep. In forced 
marches, regiments have been known to sleep while walking ; 
men have slept soundly in the saddle ; persons will some- 
times sleep during the din of battle ; and other instances 
ilhistrating the imperative demand for sleep after prolonged 
vigilance might be cited.* It is remarkable, also, how noises 

* For a number of curious and interesting examples of sleep under the most 
unfavorable circuDistances, the reader is referred to the admirable work of Dr 
Hammond (Sleep and its Derangements^ Philadelphia, 1869, p. 14, et »eq.), 

129 
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to which we have become accustomed will feil to disturb our 
natural rest. Those who have been long habituated to the 
endless noise of a crawded city frequently find difficulty in 
sleeping in the oppressive stillness of the country. We must 
have sleep ; and this demand is so imperious, that we soon 
accommodate ourselves to the most imfavorable surrounding 
conditions. It is remarkable, also, that prolonged exposure 
to intense cold induces excessive somnolence, and if this be 
not resisted, the sleep passes into stupor, the power of resist- 
ance to cold becomes rapidly diminished, and death is the 
inevitable result. Intense heat often produces drowsiness, 
but, as is well known, is not fevorable to natural sleep. - We 
generally sleep less in summer than in winter, though in 
summer, perhaps, we are less capable of protracted mental 
and physical exertion. 

Sleep is preceded by an indescribable feeling of drowsi- 
ness, an indisposition to mental or physical exertion, and a 
general relaxation of the muscular system. It then requires 
a decided effort to keep awake ; and if we yield to the sopo- 
rific tendency, the voluntary muscles cease to act, the lids 
are closed, we cease to appreciate the ordinary impressions 
of sound, and we sometimes pass into a dreamless condition, 
in which we lose all knowledge of existence. We say some- 
times, because the mind is not generally inactive during 
what we mriy regard as normal sleep. We may have dreams 
which are not due, as far as can be ascertained, to impres- 
sions from the external world received during sleep. Ideas 
in the form of dreams may be generated in the brain from 
impressions previously received while awake, or trains of 
thought may be gradually extended from the moments im- 
mediately preceding sleep into the insensible condition. 
During the nine years that we have been almost unremit- 
tingly engaged in the preparation- of this work, we have 
frequently labored during sleep for an entire night — to no 
purpose, it is true — upon difficult questions to which we had 
devoted a great deal of thought. 
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There may be, during sleep, mental operations of which 
we have no consciousness or recollection, imconscious cere- 
bration, as it is called by Carpenter.* It is well known that 
we vividly remember dreams immediately on awakening, 
but that the recollection of them rapidly fades away, unless 
they be brought to mind by an effort to remember and re- 
late them. Whatever be the condition of the mind in sleep, 
if the sleep be normal, there is a condition of repose of the 
cerebro-spinal system and an absence of voluntary effort, 
which restore the capacity for mental and physical exertion. 

The impressionability and the activity of the human mind 
are so great, most of the animal functions are so subordinate 
to its influence, and we are so subject to unusual menial con- 
ditions, that it is diflBcult to determine with exactness the 
phenomena of sleep that are absolutely physiological, and to 
separate those that are slightly abnormal. We cannot assert, 
for example, that a dreamless sleep, in which our existence 
is, as it were, a blank, is the only normal condition of repose 
of the system ; nor can we determine what dreams arc due 
to previous trains of thought, to impressions from the exter- 
nal world received during sleep, and are purely physiologi- 
cal, and what are due to abnormal nervous influence, disor- 
dered digestion, etc. We may assume that an entirely re- 
freshing sleep is normal, and that is all. 

That reflex ideas originate during sleep, as the result of 
external impressions, there can be no doubt ; and we have 
already alluded to this point under the head of reflex action.' 
The most remarkable experiments upon the production of 
dreams of a definite character, by subjecting a person during 
sleep to peculiar influences, are those of Maury. The hallu- 
cinations produced in this way are called hypnagogic,* and 

* Cakpenter, Frinciplet of Human Physiology^ Philadelphia, 1853, p. 784. 

« See page 800 

^ From its derivation, this tenn is properly applied only to phcnoroena ob- 
served at the instant when we fall asleep, or when we are imperfectly awakened, 
and not to the period of most perfect repose. 
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tliey occur when the subject is not in a condition favorable 
to sound sleep. The experiments made by Maury upon him- 
self are so curious and interesting, that we quote the most 
striking of them in full : * 

First Observation. — " I was tickled with a feather succes- 
sively on the lips and inside of the nostrils. I dreamed that 
I was subjected to a horrible punishment, that a mask of 
pitch was applied to my face, and then roughly torn off, 
tearing the skin of the lips, the nose, and the face. 

Second Observation. — "A pair of pincers is held at a 
little distance from my ear, and rubbed with a steel scissors. 
I dreamed that I heard the ringing of bells ; this soon be- 
came the tocsin, and I imagined myself in the days of June, 
1848. 

Third Observation. — ^' I was caused to inhale Cologne- 
water. I dream that I am in a perfumer's shop, and the 
idea of perfumes doubtless awakens the idea of the East : I 
am in Cairo, in the shop of Jean Marie Farina. Many ex- 
travagant adventures follow, the connection of which es- 
capes me. 

Fourth Observation. — " I am caused to smell a burning 
match. I dream that I am at sea (remark that the wind 
was then blowing in through the windows), and that the 
Saint-Barbe blew up. 

Fifth Observation. — "I am slightly pinched on the 
nape of the neck. I dream that a blister is applied, which 
recalls the recollection of a physician who had treated me 
in my infancy. 

Sixth Observation. — "A piece of hot iron is held to 
my face, keeping it far enough removed, so that the sensa- 
tion of heat should be slight. I dream of chauffeurs^ who 
enter houses and force the inmates, by putting their feet 
to the fire, to reveal where their money was. The idea of 
the chaufeurs immediately suggests that of the Duchess 
d'Abrant^s, who, I suppose in my dream, has taken me as 

^ Maury, Le 8ommeU d let r^ves, Paris, 1865, p. 182, ef $eq. 
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Becretary. I had, indeed, long ago read in the memoirs 
of this intelligent woman certain details concerning the 
chanffeurs. 

Seventh Observation. — " The word parafagaramuB is 
pronounced in my ear. I hear nothing, and awake, hav- 
ing had rather a vague dream. The experiment is repeat- 
ed when I am asleep in my bed, and the word maman is 
pronounced many times in succession. I dream of different 
things, but in this dream I heard the humming of bees. 
The same experiment, repeated several days after, when I 
was scarcely asleep, was more conclusive. The words Azorj 
Castor^ Leonore^ were pronounced in my ear ; on awaking, 
I recollected that I had heard the last two words, which I 
attributed to one of the persons who had conversed with 
me in my dream. 

" Another experiment of the same kind likewise showed 
that the sound of the word, and not the idea attached to it, 
had been perceived. The words chanddU^ harideUe^ were 
pronounced in my ear many times in succession. I awoke 
suddenly of my own accord, saying, (^est die. It was im- 
possible for me to recall what idea I attached to this answer. 

Eighth Observation. — '^ A drop of water is allowed to 
fall on my forehead. I dream that I am in Italy, that I am 
very warm, and that I am drinking the wine of Orviette. 

Ninth Observation. — " A light, surrounded with a red 
paper, is many times in succession passed before my eyes. 
I dream of a tempest of lightning, and all the remembrance 
of a violent storm which I had encountered in the English 
Channel, in going from Morlaix to Havre, is present in my 
mind." 

As regards dreams due to external impressions, it is a 
curious fact, which has been noted by many observers, and 
one which accords with the personal experience of all who 
have reflected upon the subject, that trains of thought and 
imaginary events, which seem t6 pass over a long period of 
time in our dreams, actually occur in the brain within a 
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few seconds. A peison is awakened by a certain imprcs- 
eion, whicli undoubtedly gives rise to a dream that seems 
to occupy hours or days, and yet the period of time between 
the impression and the awakening is hardly more than a few 
seconds ; and persons will drop asleep for a very few min- 
utes, and yet have dreams, with the most elaborate details, 
and apparently of great length. It is unnecessary to cite 
the numerous accounts of literary compositions of merit, the 
working out of difficult mathematical problems in dreams, 
etc., some of which are undoubtedly accurate. If it be true, 
that the mind is capable.of forming consecutive ideas during 
sleep, which can hardly be doubted, there is no good reason 
why these phenomena should not occur, and the thoughts 
should not be remembered and noted, immediately on awak- 
ening. In most dreams, however, the mind is hardly in a 
normal condition, and the brain generally loses the power 
of concentration and of accurate reasoning. We sometimes 
commit atrocious crimes in our dreams, without appreciating 
their enormity, and are often placed in the most absurd 
and impossible conditions, without any idea, at the time, of 
their extraordinary and unnatural character. This is a'fact 
sufficiently familiar to every one, and is one which does not 
admit of satisfactory explanation. 

We have made no attempt to offer an explanation of the 
curious psychological phenomena presented during sleep, 
'and, indeed, we know little enough of the action of the 
mind at any time } but we have merely given the above as 
examples of what we may call reflex mental phenomena. 
Somnambulism, general ansesthesia, sleep from hypnotics, 
the so-called magnetic sleep, ecstasy, catalepsy, trance, etc., 
are abnormal conditions, which we will only consider in so 
far as they resemble natural sleep, 

Condition of the Brain and Nervous System dujnng Sleep. 

As we have already seen, during sleep, the brain may be 
to a condition of absolute repose, at least, as far as we have 
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any subjective knowledge of mental operations, or we may 
have more or less connected trains of thought. There is, 
also, as a I'ule, absence of voluntary effort, though move- 
ments may be made, to relieve disconifort from position or 
external irritation, without awakening. The sensory nerves 
retain their properties, though the general sensibility is some- 
what blunted ; and the same may be said of the special senses 
of hearing, smell, and probably of taste. The peculiar dreams, 
induced in the case of Maury by red lights, show that the 
sense of sight is not entirely lost. There is every reason to be- 
lieve, however, that the functions of the sympathetic system 
are not disturbed or affected by sleep, if we except the action 
of the vaso-motor nerves upon the circulation in the brain. 

Two opposite theories have long been in vogue with re- 
gard to the immediate cause of sleep. In one, this condition 
is attributed to venous congestion and increased pressure of 
blood in the brain, and this view probably had its origin in 
the feet that cerebral congestion induces stupor or coma. 
Stupor and coma, however, are entirely distinct from natu- 
ral sleep ; for here, the functions of the brain are suspend- 
ed, there is no consciousness, no dreaming, and the con- 
dition is manifestly abnormal. In animals rendered coma- 
tose by T)pium, the brain may be exposed and is found 
deeply congested with venous blood. The same condition 
often obtains in profound anaesthesia from chloroform, but a 
state of the brain very nearly resembling normal sleep is 
observed in anaesthesia from ether. These facts have been 
positively demonstrated by experiments upon living ani- 
mals, and have been observed in the human subject, in 
cases of injury of the head. When opium is administered 
in large doses, the brain is congested during the condition 
of stupor or coma, but this congestion is relieved when the 
animal passes, as sometimes happens, from the effects of the 
agent into a natural sleep.* -In view of these facts, and 
others which will be stated hereafter, it is unnecessary to 

^ Hammonp, Sleep and iit DerangemenU^ Philadelphia, 1869, pp. 26, 32. 
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discuss the theory that sleep is attended with, or is produced 
by, congestion of the cerebral vessels. 

The idea that the circulation in the brain is diminished 
duiing sleep has long been entertained by certain physiolo- 
gists ; but until within a few years, it has rested chiefly upon 
theoretical considerations. We find this view enunciated by 
Blumenbach, in the following words : " These remote causes 
may induce the proximate cause, which, upon mature con- 
sideration, I think probably consists in a diminished or im- 
peded flow of oxygenated (arterial) blood to the brain, for 
that fluid is of the highest importance, during the waking 
state, to the reaction of the sensorium upon the senses and 
voluntary motions." This opinion was not entirely theo- 
retical, as is seen by the following statement: "Besides 
other phenomena which accord with this explanation, one is 
very remarkable which I witnessed in a living person, and 
has been already noticed — ^that of the brain sinking when- 
ever he was asleep, and swelling again with blood the mo- 
ment he awoke." * 

Passing over arguments by the older writers, for and 
against this theory of sleep, we come to the researches of 
Durham, in 1860, in which it was clearly demonstrated that 
the supply of blood to the brain is always greatly diminished 
duriag sleep., These experiments were made upon dogs. 
A piece of the skull, about the size of a shilling, was removed 
with a trephine, and a watch-glass was accurately fitted to 
the opening and cemented at the edges with Canada balsam. 
When the animals operated upon in this way were awake, 
the vessels of the pia mater were seen moderately distended, 
and the circulation was active ; but during perfectly natural 
sleep, the brain retracted and became pale. " The contrast 
between the appearances of the brain during its period of 
functional activity, and during its state of repose or sleep was 
most remarkable." * These observations were confirmed in 

^ Blumenbach, T/ie InatUiUions of Physiology ^ Philadelphia, 1817, pp. 178, 179. 
* Durham, The Physiology of Sleep, — Ouy's Hospital Reports^ Third Series, 
London, 1860, vol ti., p. 158, et aeq. 
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the most satisfactory manner by Prof. Hammond, who, in 
1854, noted the changes in the circulation during sleep in a 
man who had a large opening in the skull from a railroad- 
accident. These observations were made independently of 
those of Durham, but were not published until some time 
after.* Prof. Hammond cites numerous observations illus- 
trating the diminished circulation in the brain during sleep, 
in the human subject, which it is unnecessary to refer to in 
detail, and this fact may now be considered as definitively 
settled.' He also devised an instrument for measuring the 
extent of the cerebral pressure. This instrument consists of 
a brass tube, which is screwed into an opening made in the 
skull, and is connected with a small glass tube filled with 
colored water. The lower end of the brass tube is covered 
with a thin sheet of rubber, which rests on the brain, the 
cerebral pressure being marked by the height of the liquid 
in the glass tube. In experiments made with this apparatus. 
Prof. Hammond fully confirmed the results of his previous 
observations.' 

The influence of diminished supply of blood to the brain 
has been illustrated by compression of both carotid arteries. 
In an experiment performed on his own person. Dr. Fleming 
produced immediate and profound sleep in this way, and 
this result invariably followed in subsequent trials upon 
himself and others.* We have already alluded to the obser- 
vations of Waller, who produced ansesthesia in patients by 
pressure upon both pneumogastric nerves ; but, as we then 
remarked, the nerves are so near the carotid arteries that 
they could hardly be compressed, in the human subject, 

* Hammoxdv Sleep and Us Derangements^ Philadelphia, 1869, p. 37, rf seq. 

' An interesting case of exposure of the brain in the human subject is re- 
ported by Dr. Brown (American Journal of the Medical Sciences^ New Series, 
Philadelphia, 1860, vol. xl., p. 400). 

* Hammond, op. cU.^ Appendix. 

* Fleming, Note on the Induction of Sleep and Ancesthetia hy Compression of 
She Carotids. — British and Foreign Medico-Chirurgical Review, London, 1856, vol 
XV., p. 629. 
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without interfering with the current of blood, and such 
experiments do not positively show whether the loss of sen- 
sibility be due to pressure upon the nerves or upon the ves- 
sels.' An important observation bearing upon this point is 
the following, cited by Prof. Hammond : In a lady affected 
with cirsoid aneurism of the scalp, both carotids were tied 
at different times, one by the late Dr. J. Kearney Eogers, 
and the other by Prof. W. H. Van Buren. " No peculiar 
symptoms were observed in consequence of these operations, 
except the supervention of persistent drowsiness, which was 
especially wcU marked after the last operation, and which, 
even now, is at times quite troublesome." The last opera- 
tion was perfonned seven years ago.' The bearing of these 
focts is sufficiently evident. They all go to show that the 
supply of blood to the brain is very much diminished during 
natural sleep, and that sleep may be induced by retarding 
the cerebral circulation by compressing the vessels of supply. 
"WTien the circulation is interfered with by compressing the 
veins, congestion is the result, and we have stupor or coma. 
If diminished flow of blood through the cerebral vessels 
be the cause of natural sleep, it becomes important to inquire 
how this condition of physiological anaemia is brought about. 
It must be, that when the system requires sleep, the vessels 
of the brain contract in obedience to a stimulus received 
through the sympathetic system of nerves, diminishing the 

> See page 256. 

* Hahmokd, op. «7., p. 42. 

Ligation of both carotids, when the patient recovers from the operation, does 
not always induce drowsiness, which is probably due to free collateral circulation, 
by which, in some cases, the full supply of blood to the brain is maintained. 
In a remarkable case published by Mussey, both carotids were, tied for aneu- 
rism, one being operated upon about six weeks after the other. In this case, it 
is remarked that '* at no period subsequently to the operation of tying the 
second carotid, with the exception of the faintness and debility which occurred 
from the actual loss of blood on the removal of the tumor, has there been a 
single symptom of deficiency of blood in the brain." (Mosset, Ceue of Afuu- 
rwn 6/ Afi'is'o/iiosis^ in which both the Primitive Carotid Arteria were tied, — 
Atnericau Journal of t^ie Medical Seiencet, Philadelphia, 1829, vol v., p. 816.) 
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supply of blood, here, as in other parts, under varied physio- 
logical conditions. The vessels of the brain are provided 
with vaso-motor nerves, and it is sufficient to have noted 
that the arteries are contracted during sleep, the mechanism 
of this action being well established by obsei^vations upon 
other parts of the circulatory system. Contraction of the 
vessels of the pia mater has been observed by Nothnagel 
and others, though there is some discussion with regard to 
its exciting cause.' 

It must be acknowledged that we know but little of the 
intimate nature of the processes of nutrition of the brain 
during its functional activity and in repose ; but there can 
be no doubt of the fact that there is more or less cerebral 
action at all times when we are awake. Though the mental 
processes are much less active during sleep, even at this time, 
the operations of the brain are not always suspended. It is 
equally well established, that exercise of the brain is attended 
with physiological waste of nervous substance, and, like other 
parts of the organism, its tissue requires periodic repose to 
allow of the regeneration of the substance consumed. Analo- 
gies to this are to be found in parts that are more easUy 
subjected to direct observation. The muscles require repose 
after exertion, and the glands, when not actively engaged in 
discharging their secretions, present intervals of rest.' As 
regards the glands, during the intervals of repose, the supply 
of blood to their tissue is very much diminished. It is prob- 
able, also, that the muscles in action receive more blood than 
during rest ; but it is mainly when these parts are not active, 
and when the supply of blood is smallest, that the processes 
of regeneration of tissue seem to bo most efficient. As a 
rule, the functional activity of parts, while, it is attended 

1 \ reference to these experiments is to be found in the Journal of Anatomy 
ami Physiology^ Cambridge and London, 1871, vol. v., p. 401. 

* Luy.H has compared the condition of repose of the brain, with its diminished 
supply of blood, to the period of inactivity of the glands {Becherchei sur U 
sytttme ncrvetix^ Paris, 1866, p. 460). 
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with an increased supply of blood, is a condition more or 
less opposed to the process of repair, the hypersemia being, 
apparently, a necessity for the marked and powerful mani- 
festations of their peculiar functions. When the parts are 
in active ftmction, the blood seems to be required to keep at 
the proper standard the so-called irritability of the tissues, 
and to increase their power of action under proper stimulus. 
Exercise increases the power of regeneration and favors full 
development, in the repose which follows ; but during 
rest, the tissues have time to appropriate new matter, and 
this does not seem .to involve a large supply of blood. A 
muscle is exhausted by prolonged exertion ; and the large 
quantity of blood passing through it carries away carbonic 
acid, urea, and other products of disassimilation, which are 
all increased in amount, until it gradually uses up its capa- 
city for work. Then follows repose ; the supply of blood is 
reduced, but, under normal conditions, the tissue repairs the 
waste which has been excited by action ; the blood furnishing 
nutritive matter and carrying away a comparatively small 
amount of eflete products. 

We may safely assume that processes analogous to those 
just described take place in the brain. By absence of vol- 
untary effort, we allow the muscles time for rest and for the 
repair of physiological waste, and their active function is for 
the time suspended. As the activity of the brain involves 
consciousness, volition, the generation of thought, and, in 
short, the mental condition observed while awake, complete 
repose of the brain is characterized by the opposite condi- 
tions. It is true that we rest the brain without sleep, by 
abstaining from mental effort, by the gratification of certain 
of the senses, and by mental distraction of various kinds, 
and that the mind may work to some degree dm'ing sleep ; 
but during the period of complete repose, that condition 
which is so necessary to perfect health and full mental vigor, 
wc lose consciousness, volition, there is no thought, and the 
brain, which does not receive blood enough to stimulate it 
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to action, is simply occupied in the insensible repair of its 
substance and is preparing itself for future work. The ex- 
haustion of the muscles producas a sense of fatigue of the 
muscular system, indisposition to muscular exertion, and a 
desire ior rest, not necessarily invohdng drowsiness ; fatigue 
of the brain is manifested by indisposition to mental exer- 
tion, dulncss of the special senses, and a desire for sleep. 
Simple repose will relieve physiological fatigue of muscles ; 
and, when a particular set of muscles has been used, the 
fatigue disappears when these muscles alone are at rest, 
though others be brought into action. Sleep, and sleep 
alone, relieves fatigue of the brain. When the sleep has 
continued long enough for the rest of the brain and the re- 
pair of its tissue, we awake, prepared for new effort. 

"Wc have now only to refer to a new theory of sleep, 
proposed by Sommer. Taking as a basis the researches of 
Pettenkofer and Yoit on respiration, Sommer advances the 
idea that, when the brain is active, or while we are awake, 
the system appropriates but a small quantity of oxygen in 
respiration, and eliminates a relatively large proportion of 
carbonic acid ; after a time, the oxygen thus appropriated is 
consumed, and the system demands a new supply ; during 
sleep, the organism appropriates oxygen largely, and elimi- 
nates a relatively small amount of carbonic acid. When 
the elimination of carbonic acid at the expense of the oxy- 
gen stored up reaches a certain point, the necessity for a 
farther supply of oxygen induces sleep ; and when, during 
sleep, oxygen has been appropriated in suflScient quantity, 
the system awakes, prepared for a new period of activity of 
the animal functions.' 

By reference to the researches of Pettenkofer and Yoit, 
we find that these observers, in experiments on a man con- 
fined in a chamber in which the interchanges of gases in 
respiration could be estimated, noted, in twenty-four hours, 

* Sommer, Kem T/ieone de$ Sehla/es. — Zeiischrift fur raHoneUe Medicin^ 
Dritte Reihts Leipzig und Heidelberg, 1868, Bd. xxxiii., S. 214, el teg. 
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that the subject of the observation, awake, but in a condition 
of complete repose, appropriated sixty-seven per cent, of 
the entire amount of oxygen of the twenty-four hours dur- 
ing the night, and thirty-three per cent, during the day, 
while he eliminated fifty-eight per cent, of the entire amount 
of carbonic acid excreted, during the day, and forty-two per 
cent, during the night. When the subject of the experi- 
ment worked during the day, by turning a heavy wheel, 
the apjpropriation of oxygen was thirty-one per cent, for the 
day, and sixty-nine per cent, for the night ; the elimination 
of carbonic acid was sixty-nine per cent, for the day, and 
thirty-one per cent, for the night. According to these ob- 
servations, the system stores up oxygen at night for use 
during the day, at this time eliminating a relatively small 
quantity of carbonic acid ; and, during 'the day, excretes 
more carbonic acid than during sleep, appropriating then a 
relatively small amount of oxygen.* 

This theory of sleep seems to rest upon observations too 
restricted to be adopted without reserve. It is stated, in- 
deed, that the first experiments of Pettenkofer and Yoit 
were not confirmed in other observations made upon the 
same person.* It is hardly possible, with our present infor- 

^ Pettenkofeb und Voit, UAer Kohlen^ureaussclteidung und Saumioff'- 
aufndhme waJirend des Wackent und Schlafens beim Meiischen, — Anntden der 
Chemie und Fharmacie^ Leipzig und Heidelberg, 1867, Bd. cxli., S. 800, 803. 

• Journal of Anaiomy and Physiology ^ Cambridge and London, 1868, voL ii, 
p. 181. 

The statement alluded to above is to be found in the report on physiology, 
by Drs. Rutherford, Gamgee, and Frazer {loe, cU.\ but there is no indicatioa 
where the new observations of Pettenkofer and Voit were published. We find 
no allusion to any experiments later than those published in 1867 in the Anna- 
len dcr Chemie und Pharmacie, in Schmidfi JahrbiicheTf from that date to the 
present time. In an article by these authors on the excretions, etc., observed 
in a patient affected with leucocythemia, it appears that the smallest difference 
in the appropriation of oxygen during the day and at night, in a heakhy person, 
was fifty-one per cent for the day, and forty-nine per cent at night, which is 
so slight a variation, that it may practically be disregarded. (P£ttenkof£R ukd 
Voit, Ueber deu Stoffverbrauch bei einem Icukdmitehin Manne, — Zeittchrift fUr 
Bidogie, Munchen, 1869, Bd. v., S. 327.) 
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mation, to assume that sleep is due simply to want of oxy- 
gen, and it is more in accordance with well-established 
physiological facts to attribute it to a necessity for the gen- 
eral regeneration of the nervous tissue, though into this, 
the necessity for oxygen may enter as one element in the 
physiological repair. 

During sleep, nearly all of the functions, except those 
directly under the control of the sympathetic nervous sys- 
tem, are diminished in activity. , The circulation is slower, 
and the pulsations of the heart are less frequent, as well as 
the respiratory movements. These points have already been 
considered imder the heads of circulation and respiration. 
We have but little positive information with regard to the 
relative activity of the processes of digestion, absorption, 
and secretion, during sleep. The drowsiness which many 
persons experience after a full meal is probably due to a de- 
termination of blood to the alimentary canal, and a conse- 
quent diminution in the supply to the brain. 
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by, 93, 105 

action of, upon the nerves,. . 105 

action of direct, or descend- 
ing, and of inverse, or ascending 

currents, upon the nerves, 106 

derived currents, 112 

induced muscular contrac- 
tion, 112 

current of, from the exterior 

to the cut surface of a nerve,. . 113 

effects of a constant current 

upon the nervous irritability, . . 114 

Electrotonus, 116 

Encephalon, general arrangement 

of, 818 

different ganglia of, 814 

weight of; 815 

physiological anatomy ot,,,. 81* 
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Encephalon, ganglia at the base of, 898 

fixcito-motor action (see reflex ac- 
tion), 800 

Expression, uerve of (see facial 
nerve), .* 145 

influence of the facial nerve 

upon, 165 

Eye, effects of division of the fifth 
nerve upon, 198 

Facial nerve, 145 

physiological anatomy of,. . . 145 

effects upon the eye, of sec- 
tion of fibres of, in the median 
line, in the floor of the fourth 

ventricle, 147 

-^— branches of, 148 

-^— summary of anastomoses and 

distribution of, 151 

-^— properties and functions of, 154 

effects of paralysis of, upon 

the ear,. 155 

■ functions of the chorda tym- 

pani, 155 

influence of, upon gustation, 156 

typical case of division of, in 

the human subject, 157 

influence of, upon the sub- 
maxillary secretion, 158 

influence of, upon the move- 
ments of the palate and uvula, . . 159 
— - functions of the external 

branches of, 162 

Facial angle 344 (note) 

Fallopian tubes, movements of, 

from irritation of cerebellum, . . 868 
Falx cerebri and falx cerebelli, . . . 259 
Fifth nerve, small root of (nerve 

of mastication), 139, 140 

physiological anatomy of, . . . 140 

properties and functions of,, 143 

large root of (see trifacial),. 184 

Filum terminale of the spinal cord, 265 
Fisk, James, Jr., brain of,. ..... . 848 

Fourth ventricle, 860, 403 

Galvanism, excitation of nerves by 

(see electricity), 93, 105 

action of, upon the nerves 

(see electricity), 105 

Ganglia at the base of the enceph' 

alon, 398 

Ganglion, ophthalmic, lenticular, 

or ciliary, 419 

— -» spheno-palatine, or MeckcVs, 419 
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Ganglion, otic, or Arnold's, ; 420 

submaxillary, 420 

cervical sympathetic, 421 

thoracic sympathetic, 422 

semilunar, 422 

lumbar and sacral sympa- 
thetic, 428 

GangUonic nervous system (see 

sympathetic), 416 

Gasser, ganglion of, 185 

Generative functions, connection 

of the cerebellum with, 888 

Gcnito-spinal centre, 488 

Glands, termination of nerves in,. . 85 

Glosso-labial paralysis, 182 

Gustation, influence of the facial 
nerve upon, 156 

Heart, influence of the spinal acces- 
sory nerves upon, 176 

direct influence of the pneu- 

mogastrics upon, 225, 411 

influence of galvanization of 

thd medulla oblongata upon,. . . 411 

nerves in the substance of, . . .422 

Heat, animal, iufluence of the sym- 
pathetic system upon, .... 431, 437 

Hippocampi, 412 

Hypnogogic hallucinations, 449 

Hypoglossal nerve (see sublingual 
nerve), 178 

Idioto, development of the brain in, 888 

Intestinal secretions, influence of 
the sympathetic system upon, . . 484 

Intestines, influence of the pneu- 
mogastrics upon, 249 

Iris, influence of the motor oculi 
communis upon, through the cil- 
iary nerves, '. 181, 138 

reflex action of the optic 

lobes upon, 898 

IrritabQity, nervous (see nerves),. 91 

Erause, termmal bulbs of^ 42 

Language, location of the nerve- . 

centre presiding over, 860 

Laryngeal nerve, superior (see 

pneumogastric), 217 

y inferior, or recurrent (see 

pneumogastric), 220 

Larynx, influence of the recurrent 

laryngeal nerves upon, 221 

Lecithine, 59 
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Lenticular ganglioiif 419 

Ligamentum denticulatum, iSdO 

Lh'er, influeoce of the pneumogas- 
tries upon, 242' 

Masticatioii, nerve of (see fifUi 

nerre, small root), 139 

Meckel's ganglion, 419 

Medulla oblongata, decussation of 

the motor conductors in, 288 

physiological anatomy of, .\. . 402 

origin of nerves in, 404 

— — functions o^ 406 

connection of, with respira- 
tion, 406 

influenoe of division of one 

lateral half of^ upon respiration, 409 

vital point in, 410 

connection of, with various 

reflex acts, 411 

Meissner, corpuscles of, 89 

M^ni^re^s disease (see ear), 887 

Mesooephalon (see tuber annulare), 898 

Motor oculi communis, .' 126 

physiological anatomy of, . . . 127 

properties and functions of,. 128 

muscles of the eye affected 

by paralysis ot^ 129 

influence of, upon the iris, 131, 133 

typical case of paralysis of, 

in the human subject, 134 

Motor oculi extemus, 136 

physiological anatomy of, . . . 136 

properties and functions of, . 137 

Muscular atrophy, progressive,. . . 443 

tissue, comparison of the 

quality of, with the quality of 

brain-substance, 842 

termination of the nerves in, 29 

involuntary, termination of 

the nerves in, 84 

Mveline, 21 

Myelocytes, 65,860 

Negative variation, 120 

Nenre-cella. varieties ofi 46 

striation of the substance of, 

by the action of nitrate of silver, 48 
— fibrillation of the prolonga- 
tions of, 48 

connection of, with nerve- 

^ fibres and with each other, 50 

Nerve-centres, structure of; 45 

accessory anatomical de- 
ments of,. . ..... 63 
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Nerve-centres, connective tissue of, 66 

blood-vessels of, 66 

perivascular canals of, 66 

trophic (see trophicX 441 

Nerve force, 97 

non-identity of, with elec- 
tricity, 98 

Nerves, structure of, 18 

medullated fibres, Itf 

axis-cylinder, 21 

striation of the axis-cylinder 

by the action of nitrate of silver, 2S 
fibrillation of the axis-cylin- 
der, 28 

simple, or non-medullated 

fibres, 28 

gelatinous fibres, or fibres of 

Remak, 24, 425 

accessory anatomical ele- 
ments of, 26 

phrinhffre of, 26 

— fibrous tissue of, 27 

branching and course of, ... . 28 

termination of^ in voluntary 

muscles, 29 

terminal plates of^ in the 

muscles, 82 

termination o^ in involuntary 

muscles, 84 

termmation of, in the uterus, 86 

termination of, in glands, ... 86 

sensory, corpuscles of Pacmi, 

or of Vater, 87 

sensory, tactile corpusdea,. . 89 

sensory, general mode of ter- 
mination of, 44 

reunion of fibres of different 

properties, 61 

motor and sensory, 66 

anterior and posterior roots 

of the spinal, 67 

observations of Walker, 

Mayo, Bell, and Magendie, on 

the spinal roots of, 6S-7S 

properties of the posterior 

spinal roots of, 79 

influence of the ganglia of the 

posterior spinal roots on the nu- 
trition o^ 80 

properties of the anterior 

spinal coots of; 80 

recurrent sensibility of the 

anterior spinal roots o^ 81 

mode of action of the motor 

filamentsof; 84 
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KerreSf independent action of the 
fibres of, 85 

•— mode of action of the sensory 
filaments of, 88 

— sensation in members after 

* ampatation, 89 

irritability of, 91 

— excitation of, by galvan- 
ism, 98, 105 

— action of woorara upon,. ... 94 
mode of disappearance of the 

irritabUity of the motor filaments 

of, 96 

mode of disappearance of the 

sensibility of, 96 

— elevation of temperature in, 
during their functional activity, 104 

action of electricity upon 

(see electricityX 105 

— galvanic current from the ex- 
terior to the cut surface of, ... . 113 

spinal, general description of, 122 

cranial, anatomical classifica- 
tion of, 124 

— cranial, physiological classifi- 
cation of (see different cranial 
nerves under their special 
names), 125 

ciliary, 133,419 

Vidian, 420 

cardiac sympathetic, 421 

splanchnic, 422 

solar plexus, 422 

in the substance of the heart, 422 

spiral fibres of the sympa- 
thetic, 420 

— — vaso-motor (see vaso-motor), 485 

— trophic (see trophic), 441 

Nervous conduction, rapidity of,.. 99 
system, general considera- * 

tions of, 18 

divisions of, 15 

sympathetic, ganglionic, or 

organic (see sympathetic),. ... 416 
tissue, anatomical divisions 

of, 18 

— composition of, 56 

fatty principles in, 68 

regeneration of, 60 

Vervus intercostalis, 416 

Neurilemma of the spinal cord, . . . 260 

Neurine, 67 

Neutral point, 120 

Nutrition, effects of division of the 

fifth nerve upon, 197 
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(Esophagus, influence of the pneu- 

mogastrics upon, 241 

Oleo-phosphoric acid and its com- 

pounds, 59 

Olivary bodies (see medulla oblon- 
gata), 403 

Ophthalmic ganglion, 419 

Optic lobes, functions of, 896 

extirpation of, 897 

action of, upon the iris, 398 

Optic thalami, effects of lesion 

of, 887 

functions of, 394 

Organic system of nerves (see 
sympathetic), 416 

Pacini, corpuscles of, 87 

Palate, influence of the facial nerve 

upon the movements of, 159 

Paralysis from disease or injury of 

the cerebellum, 890 

alternate, 147, 401 

Par vagum nerve (see pneumogas- 

tric), 208 

Patheticus nerve, 1 84 

physiological anatomy of, . . . 135 

properties and functions of, . 185 

Peduncles of the cerebellum, prop- 
erties of, 415 

Ph'inhre^ 26 

Perivascular canal-system of the 

nerve-centres, 261 

Pharyngeal branches of the pneu- 

mogastrics (see pneumogastric), 217 
Phonation, influence of the spinal 

accessory nerve upon, 171 

influence of the recurrent 

laryngeal branches of the pneu- 

mogastrics upon, 221 

Pia mater, 260 

Pineal gland, 412 

Pituitary body, 412 

Pneumogastric nerve, 203 

physiological anatomy of, . . . 204 

anastomoses of, 205 

distribution of,. 206 

depressor-nerve of the circu- 
lation, , 208, 231 

properties and functions of, . 211 

properties of the roots of, . . 212 

properties and functions of 

the auricular branches of, 216 

properties and ftinctions of 

the pharyngeal branches of^ . . . 21 7 
properties and functions of 
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the superior laryngeal branches 
of, 217 

Pneumogastric nerve, influence of 
the superior laryngeal branches 
of, upon deglutition, 218 

properties and functions of 

the inferior, or recurrent laryn- 
geal branches of, 220 

influence of the recurrent 

laryngeal branches of, upon pho- 
nation, 221 

influence of the recurrent 

laryngeal branches of, upon the 
respiratory moTemcnts of the 
larynx, 222 

^— cardiac branches of, 223 

— influence of section of, upon 
the circulation, 223 

influence of galvanization of, 

upon the circulation, 225 

direct influence of, upon the 

heart, 225 

reflex influence of, upon the 

circulation, 228 

properties and functions of 

the pulmonary branches of, ... . 233 
effects of division of, upon 

respiration, 234 

— effects of galvanization of, 
upon respiration, 238 

-^— properties and functions of 
the oesophageal branches of, .. . 241 

properties » and functions of 

the abdominal branches of, 242 

influence of, upon the Dver, . 242 

-^— influence of, upon the stom- 
ach, 245 

influence of, upon digestion, 248 

influence of, upon the intes- 
tines, 249 

summary of the properties 

and functions of, 251 

ansesthesia produced by com- 
pression of, 256 (note) 

Pons Varolii (see tuber annulare), 398 

Protagon, 57 

Recurrent laryngeal branches of 
the pneumogastrics (see pneu- 
mogastric), 220 

Recurrent sensibility of the ante- 
rior roots of the spinal nerves, 81 

Reflex action, definition of, 299 

of the brain, in dreams, 300, 449 

of the spinal cord, 300 
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Reflex action, in an'*/)als poisoned 

with strychnihe or opium, 810 

in decapitated animals, 811 

of the sympathetic system, 

429,487 

Remak, fibres of, 24, 425r 

Respiration, influence of the pneu- 
mogastrics upon, 223 

sense of want of air, . . 236, 408 

effects of galvanization of the 

pneumogastrics upon, 288 

conneotion of the medulla ob- 
longata with, 406 

influence of dividing one lat- 
eral half of the medulla oblon- 
gata upon, 409 

Rolling and turning movements 
following injury of certain parts 

of the encephalon, 412 

Ruloff; bram of, 848 

Secretion, influence of the sympa- 
thetic system upon, 434 

Semicircular canals (see ear), .... 387 

Semilunar ganglia, 422 

Sleep, 446 

at different periods of life, . . 447 

influence of heat and cold 

upon, 448 

action of the mind during 

(see dreams), 449, 452 

condition of general sensibil- 
ity and of the special senses in, 458 

theories of, 458 

due to diminished cerebral 

circulation, 464 

production of, by compres- 
sion *of the carotids, 456 

tendency to, produced by li- 
gature of both carotids, 466 

physiological . repair . of the 

brain during, 458 

theory that it is due to want 

of oxygen, 469 

influence of, upon various of 

the functions of the organism, 461 

Spheno-palatine ganglion, 419 

Spinal accessory nerve, 166 

physiological anatomy of,. . . 167 

properties and functions of, 169 

functions of the interiial 

branch of, 170 

influence of, upon phonation, 171 

extirpation of, in animals, . . 172 

influence of, upon deglutition, 175 
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Spinal accessory nerve, influence 

of, upon the heart, 176 

functions of the external 

branch of, 177 

Spinal cord, regeneration of, after 

partial exsection, 65 

physiological anatomy of, . . . 264 

fllum terroinale of, 265 

columns of, 266 

proportion of white to gray 

substance in, 266 

central canal of, 266 

oomua of the gray substance 

of,.v 267 

direction of the fibres of,. . . 268 

general properties of, 273 

effects of galvanization of the 

antero-lateral columns of, . 274, 276 
effects of galvanization of 

the posterior columns of, . . 276, 276 
inexcitability and insensibil- 

ity of the gray substance of, 277, 278 
excitability and insensibility 

of the antero-lateral columns of, 278 
limits of the sensibility of the 

posterior columns of, 278 

action of, as a conductor,. . . 279 

transmLssion of motor stimu- 
lus by, 280 

— situation of the motor con- 
ductors in. different regions of, 281 

— functions of the lateral col- 
umns of, 282 

decussation of the motor 

conductors of, in the medulla 
oblongata, 288 

decussation of the motor con- 
ductors of, in the cervical region, 233 

transmission of sensory im- 
pressions in, 285 

probable functions of the pos- 
terior white colunms of, in mus- 
cular coordination, 289 

decussation of the sensory 

conductors of, 290 

summary of the action of, as 

a conductor, 295 

action of, as a nerve-centre, 298 

'— reflex action of (see reflex 
action), 800 

Stomach, influence of the pneumo- 
gastrics upon, 245 

Sublingual nerve, 178 

physiological anatomy of, . . . 178 

— ganglion upon the root of, . . 179 
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Sublingual nerve, properties and 

functions of, 180 

effects of section of, 182 

influence of, upon deglutition, 1 82 

Submaxillary ganglion, , 420 

influence of, upon the sub- 
maxillary gland, 429 

Substantia gelatinosa of the spinal 

cord, 267 

Sympathetic nervous system,. . . . 416 

general arrangement of,. . . . 418 

cranial ganglia of, 419 

cervical ganglia of, 421 

cardiac nerves of, 421 

thoracic ganglia of, 422 

pulmonary plexus of, 422 

splanchnic nerves, 422 

solar plexus, 422 

semilunar ganglia, 422 

lumbar and pelvic ganglia of, 423 

uterine nerves of, 428 

peculiarities in the intimate 

structure of, ; . . . . 424 

connections of, with cerebro- 
spinal nerves, 424 

spiral fibres of, 426 

sensibility and excitability of, 426 

influence of stimulation of 

parts of, upon the intestmes,. . . 428 
influence of, upon the sub- 
maxillary gland, 429 

reflex action in, 429, 487 

functions of, • 480 

division of the sympathetic 

cord in the neck, 481 

influence of, upon animal 

heat, secretion of sweat, etc., 431, 437 
influence of, upon the circu- 
lation, 432, 438 

influence of, upon secretion, 434 

influence of, upon the urine, 434 

influence of, upon the intes- 

tinal secretions, 434 

influence of, upon certain 

psychical acts, 488 

cases of disease or injury of, 

in the human subject, 440 

experiments upon, in a de- 
capitated criminal, 440 

Tactile corpuscles, 89 

Taste (see gustation), 156 

Tentorium, 269 

Terminal bulbs of the sensory 
nerves, 42 
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Testicles, movements of, produced 
by irritation of the cerebel- 
lum, 868,889 

Trifacial nerve, 184 

— — physiological anatomy of,. . . 184 

Gasserian ganglion of, 1 85 

properties and functions of, 189 

division of, in the cranial 

cavity, 190 

immediate effects of division 

of, 192 

exquisite sensibility of, 193 

— — remote effects of division of, 196 

effects of division of, upon 

nutrition, 198 

paralysis of, in the human 

subject, 201 

Trochlearis nerve (see patheticus), 134 
Trophic centres and nerves, so 

caUed, 4|1 

progressive muscular atro- 
phy 443 

Tuber annulare, properties and 

functions of, 898 

alternate paralysis in lesions 

of, 147,401 

Tubercula quadrigemina, functions 

of, 896 

extirpation of, 897 

action of, upon the iris,. . . . 898 

Urine, influence of the sympa- 
thetic system upon, 484 

Uterus, movements of, produced by 
irritation of the cerebellum, 868, 889 
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Uterus, nerves of, 423 

Uvula, influence of the facial nerve 
upon the movements of. 162 

Vagus nerve (see pneumogastric), 203 
Vasa deferentia, movements of, 
produced by irritation of the 

cerebellum, 868 

Vaso-motor nerves, 485 

derivation of, from the cere- 

bro-spinal centres, 486, 440 

Vater, corpuscles of, 87 

Velum interpositum, 260 

Ventricle, fourth, 860, 408 

Ventricles of the brain, 412 

Vertigo, in cases of disease of the 
cerebellum and of disease of the 

semicircular canals, 887 

Vidian nerve, 420 

Vital point in the medulla oblon- 
gata, 410 

Voice, influence of the spinal ac- 
cessory nerve upon (see phona- 

tion), 171 

influence of the recurrent 

laryngeal nerves upon (see pho- 
nation),. 221 

Wagner, corpuscles of, 89 

Webster, brain of, Zi9 

Woorara, action of, upon the 

nerves, »4 

Wrisberg, nerve of 146, 156 

ganglion upon the root of, . . 148 
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